THE DEVELOPMENT OF AN OPERATIONAL WATER QUANTITY MODEL

by
Ashok N. Shahane], Paul BergerZ and Robert L. Hamrick3

Environmental Systems Engineer, Water Planning Division, Resource Planning
Department, Central and Southern Florida Flood Control District, West Palm
Beach, Florida 33402 _

Scientific Programmer, Data Processing Division, Central and Southern Florida
Flood Control District, West Paim Beach, Florida 33402

Chief, Water Planning Division, Resource Planning Department, Central and
Southern Florida Flood Control District, West Palm Beach, Florida 33402

DPE -b2



- ACKNOWLEDGEMENTS
LIST OF TABLES
LIST OF FIGURES
NOTATIONS
ABSTRACT

1. INTRODUCTION

e el

N
2
.3

2. DEVELOPMENTA

€ ) L o) BN ettt ey
PR

NNNNNNNNT\JNNNNNNNNNN

b TS S

mmmmbbbbhhh&hapbwmd
G Ny —

PR RN —

(=l & T S S N PR &
W PO —

POPO N MO N B PO P
(AR SRS IS, IS S WS

™
(w2

TABLE OF CONTENTS

Introduction
Nature of the Problem
Specific Objectives of This Study

L STEPS OF THIS. STUDY

- Fundamentals of Watershed Modeling

Need of Operational Watershed Models P

Components of the FCD Hydrologic Model

Description of the Sub-basin Model

Computational Steps of the Sub-basin Model

Processing of Input Rainfall Values :

Formulations for Infiltration Phenomenon

Surface Storage and Overland Flow

Estimation of Water Losses

Quantification and Routing of Sub-surface Flow

Input Data Requirements

Results, Discussions and Verifications

Results

Discussions

Yerifications

Routing Methodology

General

Currently Available Methods

Factors for the Selection of our Routing
Methodology

Input Information and Essential Formulations

Input Information

Essential Formulations

Formulations of Lake System

Formulations of Controlling Structures

Channel Formulations '

Computational Methodology :

Special Characteristics of our Routing
MethodoTogy '

Computer Program to Combine Sub-basin Model
and Routing Model

Page



-

Page

RESULTS AND DISCUSSION

3.1 Nature of the Output 110

3.2 Discussion 123

3,2.1 Assumptions 123

3.2.2 Use of Table Versus Mathematical Formulations 124

3.2.3 Convergence Aspect of our Iterative Procedure 125

3.2.4 Importance of Error Function and its Computation 126

3.2.5 Computations of Annual Evaporation for the Upper 127
Lower and Entire Kissimmee Basin

3.2.6 Use of Correction Factors for the Backwater 127
Functions of the Lower Kissimmee )

3.2.7 Computations of Inftial Storages for Five 128
Sections of Lower Kissimmee Basin

3.2.8 Nature of the Parametric Sensitivity Analysis 130

3.3 Observed Hydrologic Characteristics of the 142
Kissimmee Basin

CONCLUSIONS 152

FURTHER AREAS OF INVESTIGATION ‘ , 154

BIBLTOGRAPHY 155-159

APPENDICES

1. A Typical 3 Hour Gate Operation and Stage 160-172
Data for Structure $-65F

I1. A Typ;caT Cross-Sectional Data for C-31 above 173-177
S-5 :

IT1I. Stage-Discharge-Storage Values for C-38A, C-38B,178-192
C-38C, C-38D and C-38E

Iv. Tables for Computing Correction Factors for 193-213
Upstream and Downstream Stages for 13 Channel
Sections of the Upper Kissimmee Basin

V. Tables for Computing Correction Factors for 214-224
Discharges for 7 Channel Sections of the
Upper Kissimmee Basin

VI. Tables for Computing Correction Factors for 225-230

Downstream Stage, Upstream Stage and Stor-
ages for Five Pools of the Lower Kissimmee
Basin



P

ACKNOWLEDGEMENTS

Since this report is based on various principles of hydrology,
hydraulics, mathematics, numerical analysis, data collection and computer
programming, many professionals were helpful. In the initial stages,

Or. Clyde Kiker, Assistant Professor of Food and Agricultural Economics,
University of Florida. examined our overall routing methodology and made
several constructive comments and suggestions. We greatly appreciate his
assistance and advice. Mr. Nagendra Khanal of the Groundwater Division

is gratefully acknowledged for extending his helping hand in understanding
the procedure and various concepts associated with the FCD sub-basin model.
During the hydrologic data collection stage, Messrs. Robert Taylor, Vincent
Faraone, Art Nelson and Ernesto Gallego of the Hydrology Division helped us
in completing the tedious and laborious task of input data generation.
Discussion with Mr. Richard Irons on the stage-discharge relationships for
the controlling structures of the lower Kissimmee was constructive in
examining these formulations on a comparative basis. Mr. John Lynch of

the Data Processing Division is acknowledged for providing programs to
transfer hydrologic data from paper tapes and computer cards to more con-
venient tapes and also to Mr. Harold Nelson for his cooperation in putting
the illustrations in final form. Finally, acknowledgements are also due

to many others who assisted directly or indirectly in developing the pro-
cedure of the operational water quantity model in its final stage.






LIST OF TABLES

Table
No. : Title Page
1 Rainfall Stations and Station Names Used 1n the’ 12
FCD Model ' e
2 Rainfall Stat10ns and Station Names Used 1n the
FCD Model . , _ 13
3 Rainfall Stations and Station Names’ Used in the
FCD Model _ . 14
4 Rainfall Stations and Station Names Used in the
FCD Model 15
5-7 List of Basin Parameters (Used in the Sub~basin
Model} for Lower and Upper Kissimmee Basin 22-24
8 A Comparison of Simulated (FCD Model Generated) 29
and Observed Streamflows in Terms of Correlation '
Coefficients for the Following Six Different
Sized Kissimmee Drainage Basins
9 Corretation Coefficients Between Historical and 30
Sub-basin Simulated Streamflows for Lower, Upper
and Entire Kissimmee Basin
10 “t" Values for Comparing Historical and Simulated 31
Streamflows for Lower, Upper and Entire Kissimmee
Basin
11 Surface Areas at Maximum Stages of Different Lakes 67
12 Recorded Stages of Upper Kissimmee Lakes on 68
December 31, 1969
13 A Set of Initial Stages at Structures of the Upper 69
and Lower Kissimmee Basin
14 Proportioning Factors for the Lakes of the Upper 70
Kissimmee to Distribute the Local Inflows from
Appropriate Planning Units
15 Pan Evaporation Values and Associated Equations with 71
Coefficients for Estimating Evaporation of Lakes of
Upper Kissimmee Basin
16 Basic Forms of Equations Useful in the Model 72
17-21 The Available Stage-Storage Values for the Lakes 74-78

of the Upper Kissimmee Basin



Table ~

No. : Title Page
22 Nonlinear Rating Curves for Various Controlling 79-80

Structures of Upper and Lower Kissimmee Basin .

23 Second Set of Rating Curves for Six Controllin 81
Structures of Lower Kissimmee Basin - ‘

24 Third Set of Rating Curves for Six Controlling 82
Structures of Lower Kissimmee Basin : :

25 Ranges of Discharge and Stages Used in FCD Backwater 84
Program for Different Channel Sections :

26 Comparisons of Recorded Stages with Simulated Stages 87
of the FCD Backwater Program for the Channel Section
Between 5-65 and $-65A :

27 Nontinear formulations of discharges for the typical 93
seven channel sections of the upper Kissimmee basin
28 Nonlinear formulations for the channel sections of
upper Kissimmee basin 94
29 Stage-storage-discharge relationships for the lower 95

Kissimmee basin

30 Stage-storage-discharge relationships for the lower 96
Kissimmee basin e

31 Stage-storage-discharge relationships for the lower 97
Kissimmee basin

32 Distribution of Magnitudes of Absolute Differences 122
Between Simulated and Recorded Values for Three I1tus-
trative Points Including Tailwater Elevation at S-59,
Tailwater Elevation at $-63 and Headwater Elevation
at $-65

33 Initial Storages for Five Channel Sections of Lower 129
Kissimmee Basin : :

34 Descriptions of the Sensitivity Analyses Performed 131-133
on the Sub-basin Model

35 Comparisons of Streamflows for Various Parametric 134-136
Sensitivity Runs for the year 1970

36 A Comparison of Yearly Hydrologic Parameters Gener- 137-141
ated by the Sub-basin Model for Various Parametric
Sensitivity Runs ‘



Table No. Title , Page
37 Comparison of Discharges:Computed by Three 143

Different Formulations for the Five Pools
of the Lower Kissimmee Basin

38 Ranges for the Extreme Values of the Coefficients 151
of Runoff (EJ for Upper, Lower and Entire Kissimmee Basin






Figure No.
1

10

1

12

13

14

LIST oF FIGURES

Title Page
Chain of Upper Kissimmee Lakes and Lower 5
Kissimmee Five Pools
Map Showing Approximate Location of tﬁe 6
19 Planning Units
Flow Chart of Major Computational Steps Invoved 8
in FCD Water Quantity Model
A Simplified Conceptual Watershed Model 10
FCD Sub-Basin Model 11

System Chart of the Overall Water Quantity Model 20

Comparison of Simulated and Recorded Discharge 27
for Taylor Creek

Comparison of Simulated and Recorded Cumulative 33
Values of Rainfall and Runoff for Upper, Lower
and Entire Kissimmee Basin

Comparisons of Annual Values of Rainfall Runoff 34
Estimates of Sub-basin Model with Historical Data

for the Period 1960-70 for the Entire Kissimmee

Basin

Comparisons of Annual Values of Rainfall Runoff 35
Estimates of Sub-basin Model with Historical Data

for the Period 1960-70 for the Upper Kissimmee

Basin

Comparisons of Annual Values of Rainfall Runoff 36
Estimates of Sub-basin Model with Historical Data

for the Period 1960-70 for the Lower Kissimmee

Basin

Comparison of Rainfall-Runoff Relationships 37
Obtained from the Sub-basin Model with the Histor-
ical Data for the Lower Kissimmee Basin for the

Wet Seasons During 1960-70

Comparison of Rainfall-Runoff Relationships 38
Obtained from the Sub-basin Model with the Histor-
ical Data for the Lower Kissimmee Basin for the

Dry Seasons During 1960-70

Comparison of Rainfall-Runoff Relationships 39
Obtained from the Sub-basin Model with the Histor-
ical Data for the Upper Kissimmee Basin for the

Dry Seasons During 1960-70



Figure MNo.

15

16

17

18

19

20

21

22

23

24

25

26 -

27

28

Title
-

Comparison of Rainfall-Runoff Relationships
Obtained from the Sub-basin Model with the Histor-
ical Data for the Upper Kissimmee Basin for the
Wet Seasons During 1960-70

Comparison of Rainfall-Runoff Relationships
Obtained from the Sub-basin Mode] with the Histor-
ical Data for the Entire Kissimmee Basin for the
Dry Seasons During. 1960-70

Comparison of the Rainfall-Runoff Relationships
Obtained from the Sub-basin Model with the Histor-
ical Data for the Entire Kissimmee Basin for the
Wet Seasons During 1960-70

Comparison of Annual Rainfall Runoff Relations on
Upper Kissimmee Basin for Period 1942-1964

Comparison of Annual Rainfall Runoff Relations on
Upper Kissimmee Basin for Period 1965-1970

Comparison of Annual Rainfall Runoff Relations on
Lower Kissimmee Basin for Period 1942-1964

Comparison of Annual Rainfall Runoff Relations on
Lower Kissimmee Basin for Period 1965-1970

Comparison of Annual Rainfall Runoff Relations on
Entire Kissimmee Basin for Period 1942-1964

Comparison of Annual Rainfall Runoff ReTations on
Entire Kissimmee Basin for Period 1965-1970

Comparison of Dry Seasonal Rainfall Runoff Rela-
tionships on Upper Kissimmee Basin for the Period
1942-64

Compariéon of Wet Seasonal Rainfall Runoff Rela-
tionships on Upper Kissimmee Basin for the Period
1942-64

Comparison of Dry Seasonal Rainfall Runoff Rela-
tionships on Upper Kissimmee Basin for the Period
1965-70 : -

Comparison of Wet Seasonal Rainfall Runoff Rela-
tionships on Upper Kissimmee Basin for the Period
1965-70

Comparison of Dry Seasonal Rainfall Runoff Rela-
tionships on Lower Kissimmee Basin for the Period
1942-64

Page
40

41

42

43
44
45
46
47
48

49

50

51

52

33



Figure No.

29

30

31

32

33

34

35

36

37-40

41-48

49

50

51

52

Tﬁt]e

Comparison of Wet Seasonal Rainfall Runoff
Relationships on Lower Kissimmee Basin for
the Period 1942-64

Comparison of Dry Seasonal Rainfall Runoff
Relationships on Lower Kissimmee Basin for
the Period 1965-70

Comparison of Wet Seasonal Rainfall Runoff
Relationships on Lower Kissimmee Basin for
the Period 1965-70

Comparison of Dry Seasonal Rainfal) Runoff
Relationships on Entire Kissimmee Basin for
the Period 1942-64

Comparison of Wet Seasonal Rainfall Rungff
Relationships on Entire Kissimmee Basin for
the Period 1942-64

Comparison of Dry Seasonal Rainfall Runoff
Relationships on Entire Kissimmee Basin for
the Period 1965-70

Comparison of Wet Seasonal Rainfall Runoff
Relationships on Entire Kissimmee Basin for
the Period 1965-70

A Flow Chart of the Procedure for Arriving at
Backwater Functions

Graphical Representation of Three Variables
(Discharge, Head Loss and Downstream Stage)
for €-29, C-35, C-38A and C-38E

Page

55

56

57

58

59

60

89-92

Comparison of Simulated and Recorded Discharges 112-119

Through S-57. 5-59, S-60, 5-61, S-62, S-63,
S-65, snd S-65F for the Fu]} Year of 1970

Comparison of Simulated and Recorded Stages
for Lake Cypress and Lake Kissimmee for the
Year 1970

Comparison of Simulated and Recorded Stages
for Lake Tohopekaliga for the Year 1970

Effects of Parametric Sensitivity Analyses on
the Refinement of Simulated Lake Stages for
Lake Tohopekatiga

Effects of Parametric Sensitivity Analyses on
the Refinement of Simulated Lake Stages for
Lake Gentry

120

121

144-145

146-147



Figure MNo.
53

Title

Effects of Parametric Sensitivity Analyses
on the Refinement of Simulated Lake Stages
for Lake Cypress

Page
148-149



g

NOTATFONS USED {N THIS REPOQRT

(As)t+| | Change in lake storage int ime t+1,

el : Velocity head coefficients,

A Cross-sectional areas of the channel,

Al ,A2,...,A8,A8 Constants for converting storage into stage,

a,b Constants, |

AREA Area for Nth sub-basin (sq. miles),

80,B1,...,B5,86 Constants for conveyance as a function of water surface

elevation,

CNR Total number cf cascades in any of the 4 reservoirs,
CONST An integer used to divide storage value to make it small,
D Total depth of subsurface profile,

DIS Length of canal or reach (feet),

DPE Precipitation excess for At,

DUM Scratch space,

DWTHM Depth to free water where evaporation from the soil

surface ceases,

(134 Distance between reaches i+} and i,

EH Effective head = H2 - H],

END Routed values of discharge,

EP ' Pan evaporation, weekly values,

F Movement of wéter between layers,

FQ Array containing all values of QVOL, '
FQl Cumulative daily value of water recovered from soil,

reservoir ug to the day, MP,

FQ2 Cumulative daily value of water in overland reservoir

up to the day, MP



NOTATIONS (continued)

Gl
GD

GO

{tfl
{ DAY

INO
IPR & PR

1SAV
I SDAY

T
LDAY

MP
NEL

NEL1
NOD
NPR

NSuB

Gravitationl acceleration,
Amount of free water in a layer when saturated,

Growth index, weekly values,

_That portion of G which will drain to a surface water body,

Gate operations at 6 hour intervals (ft),

Headwater elevation,

Tailwater elevation,

Hydraulic Radius = gL

Inflows during the time t+1,

Beginning date of execution (Julian),

Total number of grid points located in Nth sub-basin,
Precipitation valuesf

Days for which 2400 hour values will be retained on
fite (Julian day},

The day whose initial conditions are to be used for current
run (Julian day),

Days on which state conditions are saved {Julian},
Ending date of execution (Julian),

Julian day number,

Manning's roughness coefficient,

Total number of days to be skippéd from the run, e.q.,

February 30, 31, June 31, etc.,

The actual days to be skipped in the current run,
Total number of days for which run is to be made,
Cumulative daily rainfall to the day, MP,

Sub-basin ID number = 1, 2,..., 19, 20,



NOTATIONS (continued)

t+]

PC

PsyF,s

PPAN

Q16
QF Il

Q17
QHAT
QN
Q(N)

RN

SA

SAS

SE
SG_
SO
ST
STOR

SUBQ

"y

o
Outflows during the time t+1,
Wetted perimeter,
*, depending whether the computation proceeds downstream
ar upstream,
constants,

Ratio of EPmaIX/ETmax

Profile dishcarge, in/hr,

Discharge from €-36 into Hatchineha {cfs),
Eight values of routed runoff each at 3 hour intervals
for the day, MP,
Discharge from C-37 into Lake Kissimmee (cfs),
Discharge from Hatchineha into =37 (cfs),
Net water in the system,

Dischargé through control structure NQ. N,

Channel Roughness or resistence,

Storage,

Available storage, ‘inches of H,0,

Currently Svailable'storage in soil profile at the end
of day, MP,

Energy gradient,

Storage, iﬁches, in profile that corresponds to selected Q's.,
Slope along streambed,

Lake stage (feet), -
Lake storage (ac. ft.},

Streamflow contributing to any structure at 6 hour intervals,

Top width of the channel ¢/,



NOTAT!IONS (continued)

e
TAS Total available storage in a layer of soil, inches H20,
TEC Lumulative daily value of deep percolation loss up to

the day, MP,

TLOS] Cumulative daily value of evaporation loss up to the
day, MP,

TLOS2 Cumulative daily value of transbiration loss up to the
day, MP,.

TK Time constant corresponding to each of the 4 reservoirs

used in routing,

TWS Tai lwater stage (feet),
' Velocity
VD Depth of water in surface depressions expressed in inches

over entire watershed,
VDM Maximum amount of water that can be stored in surface

depressions, expressed in inches over the entire watershed,

WSE Water surface evaluation

Y Depth

Yi Depth in reach i

LAKES Lake numbers of lakes 1, 2 and 3

L INKS Link (1) = link number of Lake 3 to lake |
' | Link (2) = 1ink number of lake 3 to lake 2

These numbers are the iine numbers of array map

STAGE Stage (1) = stage of lake | at some time T
Stage (2) = stage of Lake 2 at some time T

QINFL ’ Local inflow into lake 3 in cfs

STAGET .New stage of lake 3 at time T + 3 hrs.

QCHAN Discharge in c¢fs in the 2 links at time T + 3 hrs.



NOTATIONS (continued)
NGATES(1) Number of gates in structure between lake 3
and lake 1 if present
NGATES (2) Number of gates in structure between lake 3 and

lake 2 if present

(GO(1.1),1=1,6) Gate openings of Ist strﬁcture if present

(6o(1.2),1=1,6) Gate openings of 2nd structure if present

MAP Map giving lake, structure and canal Tlinkage

Q Initial estimate of discharge through links 1 and 2 in cfs
QNEW Newest estimate of discharge through links 1| and 2 in cfs
QBAR . Current average discharge through links | and 2 in cfs
STOR Initial storage in lake 3

STORE Newest estimate of storage in lake 3 at time T + |}

STORTV Previous estimate of storage in lake 3 at time T +]
STORT | Previous estimate of storage in lake 3 at time T

EBR Difference in storage in lake 3 corresponding to .02 feet

stage above initial stage

1GO Indicator for each link = 1 if channe! control

= 2 if structure control
JS Structure number for each link, = 0 if no structure
STAGENR 7 Structure stage at side nearest lake 3
STAGEFAR Structure stage at side furthest from lake 3
STGLAKES Array of current stages in the 14 lakes '
NEAREST Array of pointers to the structure stages nearest and

furtherest from each lake

STGSTRUC Array of current stages at the 14 structures



NOTATIONS (continued)

QLINK

LLINK

GA
E069

E070

E08]

EQL9

EQLO

us, U.S5.5.
DS, D.S.S.
cus

Ufact

Stor

CStor
Sfact

Q

Factor Q

DH

Array of current discharges in the 25 channels
Array of lake numbers to which QLINK refers
+Q, lake 5 means flow into lake §

~Q lake 5 means flow out of lake 5

Array of average dischargas in the 25 channels

The existing FCD Computer program'fdr multivariate
analysis

The existing FCD computer program for the channel
sectional analysis '

The existing FCD backwater progiam

The existing computer program for checking the stages
and gate operations data on the paver tape

The existing FCD computer program for converting
breakpoint stages and gate opening data into 3 hr. values

Upstream stage
Downstream stage

Computed upstream stages

Correction factor for upstream stage
Storage

Computed storage

Correction factor for storage

Mean discharge in cfs

Correction factor for discharges of seven channels of
upper Kissimmee basin '

Us-DS



ABSTRACT

As a part of the in-house project on hydrologic studies of the Kissimmee
Basin (FCD Program No. 8430), a recently developed operational water quantity
model is presented in this report.

Essential components of the operational water quantity model include a
sub-basin model, routing model and their combination. Using the rainfall input,
initial state conditions and basin parameters, the sub-basin model estimates
the amounts of overland flow, sub-surface flow, surface storage, sub-surface
storage, water losses and the streamflows contributed by each of the 19 sub-
basins of the upper and Tower Kissimmee Basin. An iterative type routing model
is then designed to distribute the simulated Streamflows through the primary
conveyance system of lakes, canals and channelized river managed by gate agper-
ations at the controlling structures. The developed methodology for combining
the sub-basin model with the routing model is demonstrated for the Kissimmee
River system for the year 1970 by considering 21 canals, 14 lakes and 14 con-
trolling structures..

The final outcome of the model relates to simulated take stages, water
Tevels at tailwater and headwater sides of the contrelling structures and sim-
~ulated discharges through controlling structures every 3 hours for the full vear
of 1970. The comparison of simulated values with the corresponding historical
data indicates clearly the "working" of all individual pieces of the operational
water quantity model. Since this is the first time the authors were able to
pull together various interacting elements into a broad and practical water
quantity model, a series of parametric sensitivity analyses were nerformed to
evaluate the relative importance of the various 1links of the model, These
parametric analyses demonstrate clearly the subsequent improvements in simu-
lated lake stages.

While developing the operational water quantity model, the following
secondary tasks were completed: o

1. Processing the cross-sectional survey data for all the pertinent
channel sections of the upper and lower Kissimmee Basin to convert
such field data in computer usable form.

2. Developing stage-storage-discharge relationships for channels of
the upper and lower Kissimmee Basin.

3. Testing stage -storage relationships for 14 Takes in the upper
Kissimmee Basin.

4. Evaluating discharge formulations for the controlling structures of
five pools of the lower Kissimmee Basin,

5. Generating three hourly gate openings for S-57, $-58, S$-59, S-60,
5-61, $-62, S-63, S-63A, S-65, S-65A, 5-65B, S-65C, S-65D and S-65F
for the calendar year of 1970.

e iy R el



6. dbtaining three hourly taifwater and headwater historical stages
2t 5-57, $-58, $-59, S-g0, S-61, $-62, $-63, S-65 and S-65E for
the year 1970 from original paper tapes.

It is felt that information provided d%rect]y by the model, and second-
ary information generated in developing the model, forms a strong data base

which can be useful in current as wel) as future management studies and
operations of the Kissimmee Basin.



CHAPTER 1
1.1 INTRODUCTION

Due to the rapid growth pattern observed in recent years in south
Florida, there has been increasing concern over the abilities of the existing
water system to satisfy the overwhelmingly increased water requirements.
Since the Kissimmee Basin, Lake Okeechobee, and Everglades systems form the
major inter-connected water system of central and southern Florida, it seemed
clear to first investigate various performance characteristics of the compon-
ent parts of this system and then to study the interactions between these
component parts. Considering these facts: (a) the Kissimmee River drains
into Lake Okeechobee and is its primary supply, and (b) Lake Okeechobee is a
large, relatively shallow lake which satisfies the water supply requirements
of many surrounding communities and the Everglades Agricultural Area, as well
as being a back-up supply for the southeast coastal region and Everglades
National Park, the Kissimmee-Okeechobee system has become a focal point of
discussion regarding its functional capability to perform the expected tasks.

1.2 NATURE OF THE PROBLEM

The basic point underlying the evaluation of the performance of a given
water system (for example, the Kissimmee-Okeechobee system) is related to the
basic understanding of the possible interactions within and between the com-
ponent parts of the water system. Speaking more specifically, the nature of
the problem is geared to the following questions for the Kissimmee-Okeechobee
system:

a. What are the effects of the channelized Kissimmee River on hydro-
logic, nutrient transport, water quality and ecological character-
istics of the Kissimmee-Okeechobee system?

b. What is the base-1ine Tand use information available for this area? .

¢. What are the effects of urbanization and existing controlled system
of the Kissimmee River on flood velume, flood intensity, and water
quality that drains into Lake Okeechobee?

d. How do the operations of controlling structures affect the movement
of water, water surface elevations and the percentages of marshes
under water?

e. 4Yhat are the different methods to generate water quantity, to esti-
mate water quality and to gather land planning data for the Kissimmee _
Basin to better understand the water quality-quantity and land use
relationships?

To answer some of these questions in a more scientific way, efforts were
made by various interdisciplinary teams of private institutions and govern-
mental agencies to look into the interdisciplinary nature of the problem (3,
26) .

This particular study is oriented toward providing a tool to respond
specifically to operational questions such as: How will the system react to
a specific set of climatic inputs or to a specific change in operational
regime, etc.?



1.3

SPECIFIC OBJECTIVES OF THIS STUDY

The main emphasis of this study is toward the development of hydrologic
analysis in light of the FCD sub-basin model and an associated routing system,
More specifically, the objectives of thfs study are:-

a,

To generate 3-hour discharge data for the ten year period (January
1961 to December 1970) for 19 planning units of the Kissimmee Basin
using the available basin parameters, state conditions and daily
rainfall inputs in the FCD sub-basin model ;

To verify generated data in all possible ways

To develop routing methodologies to distribute these generated values
through the Kissimmee Basin system of Takes, canals, and control
structures;

To collect stages and gate opening data coupled with initial
conditions at all control structures;

To formulate the backwater functions for all the channel reaches of
the main-stem Kissimmee system;

To compile and to develop (if necessary) the formulations of lake
stage-storage relationships, control structure rating curves, and
channel ratings for the upper and lower Kissimmee Basin;

To design a generalized computer program to include all of the
routing steps;

To evaluate the results of the routing model; and

To perform parametric sensitivity analysis.



CHAPTER 2
DEVELOPMENTAL STEPS OF THE STUDY

In technical terms, the whole routing methodology (which is the main
subject matter of this report) is essentially a simulation technique based
-largely on the combination of various modeling concepts, statistical formu-
Tations and the available practical hydraulic engineering information for the
controlled water system of the Kissimmee Basin. Since an initial and important
step (known as the FCD Sub-basin Model) of such simulation analysis is related
to the concepts of watershed modeling, an effort is made in the following
section to simply outline the available watershed models so that the selected
methodology in the FCD sub-basin model can be better looked at in this
perspective. - '

2.1 FUNDAMENTALS OF WATERSHED MODELING

Various investigators have studied large and small sized watersheds from
different and perhaps unique viewpoints. As a result, there exists a variety
of watershed models which can be applied to generate different types of
hydrologic information suitable for wide ranges of application (10}. Among
the long 1ist of these numerous models (33), some of the major hvdrologic
watershed models are:

Stanford Watershed Model. (11)

I1linois Hydrologic Model. (21)

Harvard Model (Thomas-Fiering Model). {(14,15)

HEC Model. (4,5,44)

Travelers Research Center Model. (6)

Linear-nonlinear System Response Model for Overland Flow. (6)
Hydrometeorological Approach. (35)

USDA HL-70 Model of Watershed Hydrology. {18,19)

WD =h (T O T

It is to be noted here that all of these models are developed on different
principles, assumptions and mathematical types Tike stochastic cmpirical, deter-
ministic, empirical, etc., etc. {10). Since these models are included in an
in-house report by one of the authors (34), their discussions are not repeated
in this report.

The watershed model used in this study is based on the USDA HL-74 model.
The particular approach was selected by Holtan, et. al., of the USDA to formu-
late the USDA HL-74 model of Watershed Hydrology (18,19). In their methodology
water related agricultural parameters and coefficients were obtained from field
experiments to develop empirical relationships for evapotranspiration, infiltra-
tion, deep seepage and routing coefficients for water movement in the soil
characterizing the different hydrologic capacities of the soil types.

2.2 NEED OF OPERATIONAL WATERSHED MODELS

Although all these models are developed with different purposes, method-
ologies, tools and settings, they are conceptually valid only for natural
hydrologic drainage systems. Therefore, it seems that these models have to
be modified in some fashion to analyze the controlled water systems of the FCD



in general, and Take, channel and ¢lintrol structure systems of the Kissimmee
Basin, in particular. It appears that this particular practical thinking
Created a need for the development of an operational watershed model to
include operational characteristics of the FCD water system, coupled with
theoretical and experimental data for formulating basic hydrologic processes,

From the analytical framework standpoint, simulation and optimization
techniques with stochastic and deterministic inputs are being used in planning
and design of water systems. Considering the necessary assumptions and
speculated conditions required for getting the mathematica] solution in most
cases, these design models give general answers to the overall problem and do
not generate the most desired product for operational needs (25). As pointed
out by Lindahl and Hamrick that operationally oriented models must give
specific answers to very specific questions and circumstances, it hecomes
e€ssential to develop a practical model (with adequate theoretical basis) to
function as a short term and long term decision—makinq aid within an opera-
tional framework and within existing peripheral monitoring capabilities for
the typical water system of the FCD. Accordingly, a program was initiated to
develop models in this direction (24,25). The description of the structure,
component parts, and past and present developmenta) procedures associated with
these models, is attempted in the following section.

2.3 COMPONENTS OF THE FCD HYDROLOGIC MODEL

From an operational standpoint, the basic objectives of the FCp RHydrologic
Model (often called the operational watershed model) are:

a. To generate discharge-time curves at various points in the system,

b. To simulate stages at both sides of various control points or
structures (39,40), and

€. To include operational parameters (such as a set of gate operations)_
in the overall simylation methodology to generate practical ‘information
sought in a. and b.

To develop a methodology in these directions, a controlled and typical
water system {with lakes, channels, channelized river and contro] structures)
of the Kissimmee Basin is first selected. This whole area of 3,000 square
miles is then divided into 19 planning units based on the drainage character-
istics of these areas. The size and nature of the Kissimmee River Basin with
its structural components and its subdivisions into planning units are depicted
in Figures 1 and 2. Having broken down the Kissimmee Basin into 19 drainage
areas, the next obvious questions in Tight of our final objectives are:

a. What are the key hydrologic components of the terrestrial branch

of the hydrologic cycle for each of these planning units? '

b.  How much water is contributed to varidus hydrologic processes from
the rainfall inputs derived from the existing rain gaging network?

€. How much water flows out from each of these planning units?



O Laxes

1 STRUCTURES 23 | uer

[) CANALS (g1 5-628 [i1]
L} LINKS B3l lun

g1 5-63¢ [i7]
{rY)
[l 5-650 [13]
19}

EL)
D)

GU5-63E [4]

CHAIN OF UPPER KISSIMMEE LAKES AND LOWER KISSIMMEE
FIVE POOLS

NOT TQ SCALE

FIGLJRE]

Z




N
[
e \/
LAue
! NARY Jant
[\ _omaner ¢o
L3 olitoLh co
-30

Leg
\f-;u

FOLN

-5 A

S offoua  co

HIGHLANDY L,

OKEECHOBEE CO

LanE
ONEECHOREE

MAP SHOWING APPROXIMATE LOCATION OF THE
9 PLANNING UNITS




d. In what way does the water in different processes get distributed
through the controlled system of -1akes, channels and operating
gates? ,

To provide some answers to these basic questions, an attempt is made to
develop the FCD Hydrologic Model in three stages and thus, the developmental
procedure is broken down into the following three component parts in chrono-
logical order:

a. Sub-basin model,
b. Routing procedure, and

€. A routing methodology to couple the routing technique with the
‘sub-basin model. '

Basic computational steps involved in our FCD Hydrologic Model {including
the above mentioned three component parts) are outlined in Figure 3. As
depicted in Figure 3, broadly speaking, rainfall inputs coupled with basin
parameters (reflecting the characteristics of the planning unit) and state
conditions are used in the sub-basin model to generate discharge values on a
3 hour basis. After verifying the output of the sub-basin model to the maximum
extent possible, as a next step, backwater functions, initial conditions and
operational data sets are developed and are used in the routing procedure to
simulate stages and discharges for control points in the upper and lower Kis-
simmee Basin. After comparing these simulated values (i.e., routed values)
with recorded values, sensitivity analysis (if required) can be performed to
examine the effects of certain coefficients or assumptions or formulations on
the final output of this model. With these computational steps, it is expected
that this methodology would directly address the previously mentioned three
basic questions. General concepts, specific details and developmental proced-
ures associated with each of these components are discussed in the following
section. ' :

2.4 DESCRIPTION OF THE SUB-BASIN MODEL

The basic foundation on which the FCD sub-basin mode} was developed and
modified by Storch, Lindahl, Sinha, Hamrick, Khanal, Shahane and Berger is
essentially a parametric approach for formulating the physical system of the
Kissimmee Basin in terms of hydraulic simulation (2,22,24,25,40,41,42). Con-
sidering the land phase of a hydrologic cycle, a conceptual watershed model -
{also known as a simplified catchment model) is first outlined by identifying
various realistic hydrologic processes applicable to the Kissimmee sub-basins
under investigation. This flow diagram is shown in Figure 4. As depicted in
Figure 4, the rainfall event becomes a main driving force for triggering the
component parts {such as surface storage, overland flow, channel flow, flow
through soil reservoirs, water Tosses and basin outflow) of the Kissimmee
sub-basins. To evaluate each of these processes in a quantitative manner, a
classical parameter approach is used to evaluate spatial and time distributions
of precipitation inputs in various hydrologic processes. 1In this approach,
among various available formulations for estimating the water quantities associ-
ated with these surface and sub-surface components, empirical relationships with
parameters reflecting the physical characteristics of soil, veqetation types
and retention properties of the basin are selected. These empirical relation-
ships are largely based on field and laboratory experiments coupled with
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c]ihato]ogica], hydrological and tobographica] observations {18,19,20,22,
40,41,42,43). Considering these various formulations, the computational
procedure for various response phases of Figure 4 is outlined and explained
below.

2.4.1  COMPUTIONAL STEPS OF THE SUB-BASIN MODEL

For computational clarity, the response phases to rainfall inputs
depicted in Figure 4 are rearranged in more detail as shown in Figure 5. It
can be seen from Figure 5 that the major computational steps are related to

a. Processing of input rainfall values.

b. Formulations of infiltration phenomenon.

c. Surface storage and overland flow equations.
d. Estimation of water losses. | |

e. Quantification and routing of sub-surface flows through a multi-
layered soil system. -

Since the detailed descriptions and discussions of rationale behind
these formulations are given by Lindahl, Sinha, Hamrick and Khanal (22,24,
25,40,41,42), these formulations are presented for familiarization with the
nature of computational procedure involved in the FCD sub-basin model and
also to retain continuity in understanding the overall development-of oper-
ational watershed models. : T

2.4.1.1 PROCESSING OF INPUT RAINFALL.VALUES

Based on the available network of raingaging stations over the entire
Kissimmee Basin, rainfall values are obtained for each of 19 planning units
by the following steps: .

1. Averaging procedure for daily point rainfall values of surrounding
representative stations, and

2. Rainfall synthesis converting daily values of sub-basins to hourly
values of rainfall, :

As given in Tables 1, 2, 3 and 4, daily rainfall values for the 19
planning units are obtained from either averaging out 8 stations (as done
for sub-basins 1 and 2) or from representative nearby gain gaging stations.
These values are obtained for a ten year period {1961-1970).

These recorded daily rainfall values are further synthesized to generate
hourly values using Pattison's methodelogy (42). - In this approach, four
classes of daily rainfall persistence and ten daily rainfall classes are
formed. Assuming the linear stochastic model between consecutive hourly
rainfall values, the coefficients of the model are obtained by regression
analysis and conditional probabilities coupied with a random number generator.
This methodology is applied to 18 years of hourly rainfall data at station
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Table 1.  Rainfall Stations and Station Hames Used in the
FCO Model (42)
YEARS 1861 - 1967
Basin No. Station Name

1 Average of 8 Stations
2 Average of 8 Stations
3 Lake Hart

4 Oriando

5 Lake Hart

b IsTeworth

7 Kissimnee II

8 Isleworth

9 Average of 8 Stations
10 Mountain Lake
11 Lake Alfred

12 fountain Lake
13 Indian Lake Estates
14 Nittaw

15 Indian Lake Estates
16 Fort Drum
17 Cornwell
18 Lake Placid
19 Okeechobee H.G. #6
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Table 2.

Rainfall Stations and Station Names Used in
the FCD Model (42) .
YEAR 1968
Basin No. Station Name

[ Average of 8 Stations
2 Average of 8 Stations
3 Myrtle Lake

4 Orlando

5 Lake Hart

6 Isleworth

7 Kissimmee 11

3 Isleworth

9 Average of & Stations
10 Mountain Lake

11 Lake Alfred

12 S. Ranch

13 Indian Lake Estates
14 Nittaw -

15 Indian Lake Estates
16 S65-B

17 Cornwell

18 S65-D
19 Okeechobee H.G. #6

13
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Table 3. Rainfall Stations and Station Names Used in
the FCD Model (42)

YEAR 1969
Basin o, _ Station Name
1] L73 S.R. 520
2 Beeline Highway
3 Lake Hart
4 Orlando
5 St. Cloud Airpark
6 Isleworth
7 Kissimmee II
8 Kissimmee Field Stat.
9 _ Lake Myrtie
10 | Mountain Lake
N ' Lake Alfred
12 Mountain Lake
13 , Indian Lake Estates
14 _ Nittaw
15 o S65-A
16 ) S65-B
17 ' | | $65-C
18 S65-D
19 , S65-E

14



Table 4, Rainfall Stations and Staf%on Names Used
in the FCD Model (42)

YEAR 1970
Basin WNo. ‘ : ' Station ilame
T ' L.R. 73 S.R. 520
2 Beeline Mighway
3 Lake Hart
4 Orlando
5 St. Cloud Airpark
6 Reedy Creek
7 Kissimmee 11
8 Taft
9 Lake Myrtle
10 ; ' Mountain Lake
11 : Lake Alfred
12 : ' ‘ Mountain Lake
13 ' Indian Lake Estates
14 | , Nittaw
15 S65-A
16 S65-B
17 $65-C
18 ' ' $65-D
19 _ S65-E

15



Kissimmee II to estimate sets of conditional probabilities and regression
coefficients which are subsequently used to decompose daily rainfall values
into hourly values at all planning units (42).

Thus, using these two steps, the hourly rainfall values are obtained
for 19 sub-basins of the Kissimmee Basin for ten years (1961-1970).

2.4.1.2. FORMULATIONS FOR IMFILTRATION PHENOMENOM

Since part of the rainfall is infiltrated in the ground and the remaining
excess appears as surface water, it is essential to estimate the capacity of
the rate of infiltration from sub-surface as well as from a surface water
quantity standpoint. Again, capacity rate of infiltration is a function of
type of soil, vegetation cover and drainage characteristics of the soil. A
modified form of the empirical equations originally developed by Holtan (19)
is used in quantifying the infiltration phenomenon. Such equations are

f

A{SA)'+* for SA > G
and
f = A(SA)!+" + FC for SA <-G
where
f = capacity rate of infiltration,
A = surface penetration index,

SA

storage currently available in the soil reservoir,

H

FC = deep percolation, and

G = total amount of free or gravitational water in a soil profile
of selected depth (18,19,24,25,40,41,42).

Among many formulations and concepts proposed by Green, Kostivkov,
Horton and Phillips, the above equations are chosen for the following reasons:

1. Availability of recorded field data to estimate the coefficients of
the equations, :

2. Adequate mathematical and theoretical bases for converting the rate
of infiltration into the jnfi]tration volume, and

3. Practical verification of these formulations on small experimental
plots with various vegetation types (24). :

2.4.1.3 SURFACE STORAGE AMD QVERLAND FLOW

Besides infiltration, a part of precipitation is stored in surface
depressions. Such surface storage is computed as

16



VOM = maximum volume of surface storage
i

N
=d ¥ bi
i=]
where
N = number of surface depressions,
bi = area of ith surface depressions, and
d = average depth of N surface depressions (24,40).

After percolating a part of precipitation inputs into the ground and
after a part is stored in surface depressions, precipitation excess is con-
tributed to overland flow. Mathematically, it is computed from simple
subtraction as

Overland flow = OF = P - f when VD = VDM and P > f

where
P = precipitation input,
f = infiltration rate,
VD = amount of water currently stored in surface depressions.
VDM = maximum volume of surface storage (40,41).

2.4.1.4 ESTIMATION OF WATER LOSSES

In the sub-basin model, water losses are considered as the nart of
precipitation input that reaches the ground surface but never anpears at the
watershed outlet (24,40,41,42). With this definition, water loss can occur
in different cateqories; i.e., water loss due to direct soi) evanoration,
evapotranspiration by existing vegetation and water loss due to deep percola-
tion. These Tosses in turn are functions of various factors as <hown in the
followina formulations:

1. Water loss due to direct soil evaporation,
|
Loss 1= €, (1 - ) ¢ ER(M) 3 (o)

Portion of water that is Tost due primarily to the existing vegetation,

ma

Loss 2 = C,(G,) (MH) {Egﬁﬂﬂl} (DT)
3. MWater loss due to deep percolation,
Loss 3 = (FC) (DT)

where ' ,

17



C, = ratio of maximum evapotranspiration to maximum Pan evaporation value,
. A
OWT = water table depth

= SA} (D)
G

0 = total depth of soil profile,

G = total amount of free gravity water that could exist in a soil
nrofile,

DWTM = maximum dépth to water table at which DWT will have a negligible
contribution toward Loss 1,

EP = pan evaporation,

NW = number of the week,

DT = time increment,

C, = constant = (.78

Gi = an overall growth index for the existing vegetation,
FC = rate of infiltration,

SA = storage currently available jn reservoir C,

Adding these three losses together gives the total loss of water from a
given soil profile. This value of total water loss is used in estimating the
recovery of water from the soil reservoir to the main channel.

2.4.1.5 OUANTIFICATION AND ROUTING OF SUB-SURFACE FLOW

The basic purpose of this computational step is to estimate the spatial
and time connection of sub-surface flow from different soil reservoirs to the
main channel. Thus, the first task is to determine the number of reservoirs.
This is done by the reverse integration of the runoff hydrograph by establish-
ing storage-flow relationships for a simple recession curve. Using this
technique, it is estimated that for our 19 planning units, soil profile can
be represented by not more than three s0il reservoirs. After determining the
number of soil reservoirs, the basic continuity equation and a storage outflow
curve is combined to develop the following equations which can provide contri-
butions of each soil reservoir to the stream channel and alse the total storage
available in these reservoirs.

2 (DELF) - 0,(DT) +2°s, = C,
25, +0,(DT) = Cg and

(Sidery = (S5)p + (FB - D) — gy - wLr) (o)

where

18R



DELF = volume of water that infiltrated during a DT
Q] = sub-surface discharge into the stream channel at time 1,
1> = sub-surface discharge at time Z,
(51)t+1 = total storage available in a soil reservoir i at time t+1,
i = reservoir number = 1,2,3,4,
f? = recharge rate to ith reservoir.
0j = sub-surface discharge or lateral outflow into the stream channel
from i reservoir. :
WLT = sum of losses at time t.

Using these equations, an iterative procedure is designed to obtain the
final value of discharqe (02) in such a way that the absolute difference
between Cq and Cg is within the tolerance 1imit of 0.01. These estimations
of sub-surface discharqge through various soil reservoirs are combined with
the following MNash's routing equation to obtain time distribution of water
at the watershed outlet (2, 24,40,41,42). '

] H-1 —t/k
a0,) = (gamyyyd (£ ) (&)

where
t = time
N = number of reservoirs, i+1, ...4,
k = a time constant,
€ = naperian base.

A11 these computational steps are included in a computer program called
BASINHOD. Its relative position with respect to other steps of an overall
sub-basin model is depicted in Figure 6. As shown in Figure 6, rainfall
values, basin parameters and storage state conditions are required as input
data to the BASINMOD program. Since the rainfal] generation procedure and
siorage state conditions are already described in earlier sections, input
data set including actual basin parameters, various coefficients and constants
used in the sub-basin model are presented in the. following section.

2.4.2  INPUT DATA REQUIREMENTS

To carry out the computational steps outlined in the previous section for
the 19 planning units of the Kissimmee Basin, the parameters of the equations
should be known. Since these parameters represent the agricultural-related
water characteristics of the basin, they are estimated based on the available
research publications of the ARS and many reports delineating reqional
characteristics (22,24,40,41,42).

19
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To compute infiltration characteristics, the appropriate basin parameters
are: ,

a. Currently available storage in three soil reservoirs (i.e., TAS(1),
TAS(2) and TAS(3)).

b. Constant rates of infiltration in three layered soil systems
(designated as F(1), F(2), and F(3)).

c. Total amount of gravitational water in these three layers (i.e.,
(G(1), G(2) and G(3)). ‘

d. Portion of G that will be drawn into surface water (i.e., GD{1),
GD{2) and GD(3)}.

e. Total assumed depth of the soil profile (D).
These values are compiled in Table 5 (42).

In addition, for estimating three types of water losses, overland flow and
sub-surface flow, the following parameters are given in Table 6;

a. Taximgm depth of water table at which water loss is insignificant
DWTHM) .

b. HMaximum volume of surface storage {VDM).
¢. Ratio of evapotranspiration and maximum pan evaporation value (PPAN).

d. S%bssurface discharges through three soil layers Q(1), G(2) and
Q(3).

e. Corresponding storages in these three soil reservoirs S6{1), SG(2),
and SG(3).

Finally, routing coefficients to combine flows from three sub-surface
Tayers witih the overland fiow are provided in Table 7 for repressntative loca-
tions in the Kissimmee Basin.

2.4.3  RESULTS, DISCUSSIONS AND VERIFICATIONS
2.4.3.1  RESULTS |

Using the basic steps out]ined.in Figure 6 and formulations discussed
previously, a computer program was developed to take rainfall inputs and to
estimate subsurface flow, surface flow, tota) losses, deep seepagye, available
storage in soil, storage in depression (at the end of the day), and mean
streamflows for 19 planning units for the ten year period {1961-1970). These
generated values are on a daily basis (although values can be gencrated for
shorter periods of one hour) and are compiled in ten separate files constituting
several hundred pages. The Tisting and the description of computer programs
With a main program of BASINMOD and subjirograms of STATEC, BASPAR and RAINFALL

are réparted in reference Ho. 37.
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2.4.3.2  DISCUSSIONS

Since huge quantities of data are processed to provide hydrologic
information of various types, there is great potential in examining such
information from many different angles, depending on the task at hand. How-
ever, there are certain basic.points that are alWays to be remembered before
extending or utilizing such generated hydrologic information to any other
beneficial use.

The first important point is that the output of the sub-basin model is
the result of a man-made simulation procedure using various mathematical
equations representing, in the best known engineering way, the hydrologic
processes of the physical system. Since the coefficients used in selected
formulations are based partially on experiments of local conditions and also
on qualitative judgment developed from the practical feel of tne region, it
is to be cautioned that extensions of these generated values to a new drainage
basin with limited available data may lead to erroneous conclusions.

Secondly, the output of the sub-basin mode] gives a hydrograph (stream-
flows with time) only at the outlet of each of the 19 drainage basins. These
values of streamflows represent the total quantity of water that is contributed -
by the assumed physical system with its assumed conceptual hydrologic components.
These generated values do not provide any information regarding the separate
contribution from lake or channel systems.

Thirdly, if a structure is located at the end of a drainage basin, the
amount of water that will be allowed to flow through that structure may be
quite different than the values given by the sub-basin mode! because of the
fact that the operational characteristics of the water system (i.e., operating
scacdule of gate operations} is not included in computing these sub-basin
streamflows. In other words, the sub-basin model output is to be further
processed in the routing procedure to include its distribution through sub-
systems (like lakes and channels) and to include operational cheracteristics
of the control structures, : :

2.4.3.3  VERIFICATIONS

As reported by Shahane, although past efforts of Lindahl, Sinha, Storch,
Hamrick and Khanal were instrumental in developing a hydrologic model as a
part of an overall operational watershed for the FCD area, the verification
of the model was not pursued to the fullest extent at that point in time (36).
Ih view of the fact that the outcome of the FCD hydrologic model constitutes
a large, useful and basic data base of the streamflows from 19 planming units
of the Kissimmee River Basin, additional verification is warranted.

Although it can be argued that the direct comparison of recorded values
through the control structures of the Kissimmee with the simulated streamflows
of the sub-basin model is like comparing apples with oranges, the verification
task can still suggest in some fashion the critical points which, in tuen,
show the direction in which further improvements and refinements can be made
in the sub~basin model. :
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dith this particular thinking,'an effort is made to compare the output
of the FC" sub-basin model with the available recorded values. Such verifi-
cation procedures include: :

a. indirect comparisons in terms of correlation coefficients, and
b. direct graphical comparisons with-the available historical data.

The methodology of the sub-basin model with its nieces is first anplied
to the Tayvlor Creek drainage basin of 100 square miles located on the north
side of Lake Okeechobee. Since the hydraulic, hydrologic and agricultural
characteristics of the Taylor Creek watershed are well monitored by the
ARS of the Department of Agriculture, and since this drainage area was in
its natural form with no control structures to changa jts natural drainage
characteristics during the test period, it was an ideal place to verify and
test the FCD. sub-basin model. The results of such an effort are depicted in
Figure 7 (2,41). Graphical comparisons of mean daily streamflows shown in
Figure 7 indicate clearly the adequacy of the sub-basin model and suggest
the appropriate choice of coefficients covering the key hydrologic processes.

When the same sub-basin model is applied to each of the 19 drainage
basins (also known as planning units) of the Kissimmee, the streamflows at
the mouth of these drainage areas can be generated. However, due to the
controlied nature of the Kissimmee water system, the total quantity of water
passing through control structures can be substantially less or more depending
upon the operating schedule of gate openings to control the water levels in
the system. As a result, the verification task becomes increasingly difficult
because the amount of water contributed by the planning unit (estimated by
the sub-basin model) and water released through the structure (if the structure
1s at the end of the planning unit) are not the same for the typical controlled: .
system of the Kissimmee. Among the 19 planning units, only 2 planning units
(Boggy Creek basin, No. 4 and Shingle Creek drainage basin, No. 6) are near
natural states {(with no control structures) having recording stations at the
outlet points. Therefore, these planning units (Ho.4 and Ho. 6) are the only
available testing sites. In addition, four large areas are also formed by
combining several planning units so that total quantity from these large
combined basins can be compared with the recorded flows through the corres-
ponding control. structure located at the end of the large combined basin.
For example, planning units 15, 16, 17, 18 and 19 can be combined to form a
large lower Kissimmee Basin with S-65 Tocated at one end and $-65E located
at the other end, and thus, recorded flow from the total area of the lower
Kissimmee is computed simply by subtracting the recorded flow at $-65 from
the recorded flow at $-65E for a period of ten years. At the same time,
simulated streamflows of planning units 15, 16, 17, 18 and 19 are added
algebraically to obtain simulated streamflows for the lower Kissimmee Basin.
These two sets are further compared by estimating simple correlation coeffi-
cients. This procedure is repeated for the other four combinations with the
following planning units and governing control structures.
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PLANNING UNITS UPSTREAM DOKMSTREAM

COMBINATION HO.  THAT ARE INCLUDED RECORDING RECORDIING
| STRUCTURE STRUCTURE
4 15293943536:7 ) - : . - S-61
3 1,2,3,4,5 . 559
5 1,2,3,4,5,6,7,8,9,10,11 - Recording station

at Lake Wales

6 A11 19 planning units - S-65E

Correlation coefficients between simulated values and recorded valyes for
six drainage areas with varying sizes are depicted in Table 8. The results
~included in Table 8 suggest the following points:

a. The sub-basin model, when applied to individual plan:ing units, can
generate realistic streamflows with fairly good corr: lations in
their monthly time series. '

b. A simple addition of the outputs from the sub-basin nydel to ottain
simulated flows for combined planning units seems to ~educe correlation
coefficients partially because time lags of the corrcsponding stream- -
flows are not accounted for and Targe planning units tend to become
controlted units. This point clearly suggests the nesd for the
development of the routing procedure to be coupled with the sub-basin
model output. :

c. A slight beneficial averaging effect is observed when the correlation
coefficient is improved as the size of the drainage area approaches
the total Kissimmee area.

In addition to these two ways of comparing our results with the recorded
values, an effort is also made to use the available yearly historical data
(with wet and dry period values) compiled by the Hydrology Division of the
FCD. Graphical comparisons are shown in Figures 8 to 35. Useful statistical
numbers to facilitate further comparisons are also given in Tables 9 and 10.
As mentioned earlier, the main purpose of comparing these two data sets (which
are conceptually similar but are different from an operational standpoint) is
to pinpoint the missing parameter or hydrologic process (if any) in the sub-
basin model. Looking at all comparative tables and figures in Tight of the
above purpose, the following observations can be made:

a. Considering twe different techniques of estimating precipitation
values for upper, lower and the entire Kissimmee, precipitation
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Table 8.

A Comparison of Simulated (FCD Model Generated) and cobserved
Streamflows in Terms of Correlation Coefficients for the Foliowing
Six Different Sized Kissimmee Drainage Basins.

Drainage Area

Size of Drainage Area

Correlation Coefficients

89.67
185.66

298.69

617.12

1134.57

5qQ.

5q

miles

. miles
. miles
. miles

. miles

2300 sq. miles

0.59
0. 71
0.67
0.54
0.63

0.70

Boggy Creek,Planning Unit 4,

Shingle Creek Planning Unit 6,

Combination No. 3 given on previous page

Combination No. &4
Combination No. § "

Entire Kissimmee basin.
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Table 9. Correlation coefficients between historical and sub-basin simulated
streamflows for lower, upper and entire Kissimmee basin.

First Set of
Correlation Coefficients
Basin Type of Period for '
: : Rainfall Runoff
Annual Values 0.6651 0.5027
Dry Season 0.8122 0.6656
LOWER .
Wet Season ' 0.9287 0.5593
Cumuiative Annual Values 0.9998 0.9549
Annual Values 0.8622 0.3620
Dry Season 0.8122 0.6656
UPPER
Wet Season - 0.9777 0.7613
Cumulative Annual Values 0.9995 0.9934
Annual Values - 0.9378 0.6440
Dry Season 0.8333 0.7657
ENTIRE
Wet Season 0.9777 0.7613
Cumulative Annual Values 0.9998 0.9883




Table 0. "t" values for comparing historical and simulated streamflows for
lower, upper and entire Kissimmee basin.

First Set of
Basin Type of Period e values for
Rainfall Runof f
Annual values 0.289 -0.189
Dry Season +0.469 -1.519
LOWER .
Wet Season 0.03 0.01
Cumutative Annual Values -1.906 -3.135
Annual Values : }.839 2.823
Dry Season 11.38 ' -1.04
UPPER ‘
Wet Season . -1.379 9.91
Cumulative Annual Values -1.2662 - -6.249
Annual Values -0.070 2.823
Dry-Season : 1.58 -0.689
ENTIRE o
Wet Season -0.661 5.62
Cumulative Annual Values -5.839 ~6.472
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inputs to the -sub-basin model are in agreement with the historical
data because of the high observed correlation coefficients (ranging
from 0.8622 to 0.9999) and "t" values being within the confidence
Timit of 99,5% indicating that two data sets come from the same
normal population. These observed results do indeed increase the
confidence in the stochastic methodology of rainfall decomposition
used in the sub-basin model.

As far as runoff values are concerned, general conclusions are not
possible from their comparisons. However, some categorical peculi-
arities can be observed. It is consistently noted from Figures 3

to 36 that simulated streamflows of the sub~-basin model for the wet
period for the upper and entire Kissimnee Basin are higher than the
historical values. This observation is also reflected in Figure 8
for cumulative values. Statistically, this particular observation
s further substantiated when the corresponding "t" values of the
runoff series for the upper and entire basins lie outside the
confidence limits of 99.5% suggesting clearly that two data sets

do not come from the same normal population. Due to the nature of
the physical reasoning attached to the "coefficient of correlation”,
the variation in this statistical parameter will not reinforce this
observation. Based on this discussion, it seems that the sub-basin
model produces an output (for the wet period) which is consistently
higher for the upper basin. This particular observation leads to an
important conclusion that evaporation from the free surface of the
chain of lakes of the upper Kissimmee should be accounted for in the
subsequent routing model to improve the output of the sub-basin model.
This point is also observed by Dr. Kiker during his previous similar
investigations (23). -

In a nutshell it can be sumarized that, based on all the possible compar-

isons mad
ation whi

e in Figures 8 to 35, the sub-basin model generates hydrologic inform-

tmprovement is necessary by developing a routing methodology to account for time
and spatial distribution of sub-basin streamflows, and storage characteristics
caupled with evaporation adjustments. At this point, it is anticipated that
further refinement in some key basin parameters of the sub-basin mode] may be
necessary after all the pieces (such as sub-basin model, routing model,
hydraulic formulationsand computer programs) are put together, and after

. realistic routed values for the upper and lower Kissimmee basin are obtained.
The developmental procedure of such a routing methodology along with the
expected parametric sensitivity analyses are the subject matters of the sub-
sequent chapters.
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® FINAL SIMULATED VALUES
© HISTORICAL DATA

® SIMULATED VALUES FROM
THE SUB-BASIN MODEL

RAINFALL — INCHES

0 2 4 6 8 10 i2 14 16 I8 20 22
: RUNOFF — INCHES

COMPARISON OF DRY SEASONAL RAINFALL
RUNOFF RELATIONSHIPS ON UPPER KISSIMMEE
BASIN FOR THE PERIOD 1942-64 '

FIGURE 24
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2.5 ROUTING METHODOLOGY
2.5.1  GENERAL

In technical terms, routing is defined as a procedure to determine the
time and spatial distribution of streamflow or a flood wave at a point in
a water system by considering the hydraulic and hydrologic data at one or
more points upstream (9). In our specific investigations, the basic purposes
of developing routing methodology are:

1. To distribute sub-basin model output through the lake, channel and
controlling structures system,

2. To combine stage-storage fluctuations of the lake with the stage
discharge characteristics .of the channel sections for developing
a joint methodology of reservoir and channel routing,

3. To include operational characteristics of the controlling gates
coupled with the routed simulated stages for estimating discharges
through various controlling structures,

4. To improve sub-basin mode] output by including the key process
(if any) of the take or channel which might be excluded from the
assumed conceptual physical system, '

5. To provide the basis for examining the effects of changing opera-
tional parameters on the hydrologic characteristics of the

Kissimmee water system with complete independence from the
analysis of the historical data.

Since the basic principles of the available routing techniques are
more or less similar with minor variations in the algebraic manipulation
or in the graphical modifications or in the framework of assumntions (9),
they are discussed briefly to provide some comparative basis for our
methodology.

2.5.2  CURRENTLY AVAILABLE METHODS:

Fundamentally, there are four basic routing methods widely used in
channel and reservoir routing. They- are given below (9):

V. The puls method of invariable discharge-storage relationship,
2. The muskingum method with variable discharge-storage relationships,
3. Tatum routing using successive average lag,

4. Straddle-stagger routing based on progressive average lag
method, and

5. Mathematical methods.
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1. The puls method: This method fs found to be more applicable to the
reserveir routing than to the channel routing, To apply this method to a
reservoir, a storage and outflow relationship for that particular reservoir
should be known. With the known initial storage (S;) and assuming initial
outflow (0,), the left hand side of the following equation is obtained (8,9).

(li%li—) at + Sy - 9%¥ bt =Sz 4 g%—-at
where
Iy = inflows at the beginning of routing period,
I, = inflows at.the end of routing period,
0, = outflow at the end of routing period,
0, = outflow at the end of routing period,
S, = storage at the end of routing period,
S; = storage at the beginning of routing periéd,
At = time step

Using the known storage outflow relationship, the values of Sz and 0z are
obtained by a simple trial and error procedure.

2. A Muskingum Method: This is another very popular method for routing the
flows in the channel systems. Considering the total storage as a sum of wedge
storage and prismatic storage, the following muskingum equation is the basis
of this method (9):

S = KO+ Kx (I-0)
where
S = total storage,
K = storage constant reflecting ratio of storage to discharge,
0 = outflow, ' |
X = parameter based on relative effect of inflow and outflow,

I

1t

inflow

Converting this equation into inflows and outflows at the beginning and end:
of the routing period, we get

0, = Cpla + C,I1 + Co0a
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where
KX + 0
Co = k<KX + 0.5¢
c. = KX+ 0
L KR+
_ K=K
2 X-KX

+11

Qo
L&
t+

where
t = time step
[,» I, 0) and 0, have usual meaning.

From these equationsit can be clearly seen that the Muskingum method is
largely geared to the determination of coefficients X and K. Ey plotting
accumulated discharge and accumulated storage for various values of X,

the shape of the curve decides the value of X (9). After having the value
of X, K is calculated as o

g2 05t 8t [(I41h) - (0,-0)]
X(I2'Il) + (]'X) (02-01)

Thus, knowing K, X and t, values of g, C, and G, are obtained to get routed
flows through the channel sections. It is also to be noted here that there
also exists other graphical and analytical methods for computing the routing
coefficients.

3. Tatum routing method using successive average lag: This is essentially
an empirical method. Assuming that the change in the shape of the hydrograph
between two consecutive points (one upstream and other downstream) is due to
the cumulative effect of all storage characteristics of the channe] reach,
for a subreach, the routed flow is given by

Similarly for two reaches,

1 I, v 1s Io + 14
0, = 2 - V4 )+ (Z )
1 :

Generalizing this concept to n subreaches, we get

¢

1

Opay = Ciha * oo + Cals - Cpy 1

n+1
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L

o oL
1 o
n
C, = —
2 Zn
n){(n-
c, - (W)
221
c (n)(n-1) (2)
n 21
and
n! 1
‘et T 2Ny 2N
where
n = number of subreaches
. 2. x (travel time)
louting Interval
I, 1., [*+1 = inflows at time t,, t,... tn+I
Cis Cpsenny Ch41 = routed coefficients
0n+1 = routed outflow at subreach n+l

4. Straddle-stagger routing based on progressive average lag method: In this
method, again routed outflows are empirically obtained by simpTe averaging

of two or more inflows with the lag time computed as a function of time of
travel of the flood wave. The length of inflow period is estimated by trial
and error procedure and the range of this period is generally observed to be
in a range of three quarters twice the travel time (9).

5. Mathematical methods: Instead of using historical data to tune up the
routing coefficients, the hydrodynamics of the streamflows of floods can be
expressed in terms of partial differential equations which are based on the
principles of conservation of energy and conservation of matter for unsteady
or steady flows. The methodologies of various investigators differ primarily
in their technique for obtaining the solution of these partial differential®
equations (1,7,12,27,28,31,41). Finite difference techniques have been used
in terms of fixed mesh finite difference method and the method of characteristics.
In fixed mesh finite difference method, solutions are obtained at fixed pre-
determined points in a rectangular mesh of time and distance. Whereas
solutions in the method of characteristics are obtained generally along
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.
curvilinear characteristics curves on the time and distance plane (1). In
addition, some efforts are also made to simplify these equations with known
hydraulic characteristics of the channel section to express these equations

in terms of various coefficients which are determined either by laboratory
experiments or by field measurements (7,8,9,27,31,41). Since the mathematical
solutions are obtained with the unique framework of assumptions and simpli-
fications (suitable for specific cases), they should be applied with great
caution. .

Although all these methods describe different routing procedures, none
of these methods can be applied directly to our typical controlled water
system of the Kissimmee basin. Considering the framework of our investi-
gations, there are many key factors which create a need for modifying exist-
ing methodologies for the Kissimmee water system under investigation. Such
factors are discussed below.

2.5.3 FACTORS FOR THE SELECTION OF OUR ROUTING METHODOLOGY

It has been emphasized repeatedly in many places in this report that the
conventional techniques are mostly developed for a natural system with
historical data to refine the model. Therefore, when operational character-
istics of the controlled system are to be incorporated into the overall
methodology, a different routing procedure is warranted because the coef-
ficients or parameters used in the conventional methods may vary substantially
with the different gate operations. As a result, routing procedure is to be
designed to include directly or indirectly the operational data coupled with
simulated stages rather than the historical data. In other words, due to our
specific requirement of developing an operational watershed model, it seems
necessary to modify the existing routing procedures.

Another factor for developing a modified routing methodology relates to
the controlled nature of the Kissimmee basin. Again, since our task is to
distribute sub-basin model outputs through Takes, channels and controlling
structures, it is essential to design a routing methodology to link these
component parts together in some fashion using the operating schedule (if
necessary).

While routing the streamflows through the controlled Kissimiee water
system, the concept of "time lag" is an important factor to be considered in
the routing techniques. In conventional methods, as discussed earlier, the
estimated time lag is based on the travel time of the water system. However,
for the water system of the Kissimmee with typical lakes, channels and
contralling points, it may not be possible to compute the travel time since
1t will vary considerably as a function of gate openings. This again looks
forward to a routing methodelogy (an entirely different or modified form of
conventional routing methods) for including ‘the possible time-lag in stream-
flows as they move through lake, channe] and controlling structures.

Another key factor in any routing methodology is the routing period. If

the routing period is sufficiently short, then hydrographs will be represented
more adequately. However, by decreasing routing period, data collection steps
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become more laborious because of the increased sample size. As a general
rule, it is recommended that the routing period shouid be equal to somewhat
shorter than the travel time of the flow through the reach and, as a lower
bound, it should be short enough so that the hydrograph during that period
approximates a straight line (9). Considering these points, it was decided
to select a 3 hour period as a routing period in our routing methodology. To
kKeep data collection steps manageable, it was also decided to demonstrate

the routing procedure for a period of 1 year, specifically 1970.
2.5.4  INPUT INFORMATION AND ESSENTIAL FORMULATIQNS
2.5.4.1  INPUT INFORMATION

Since we are trying to demonstrate the routing model for a one year period
of 1970, it is necessary to obtain hydrologic base-line information just
before this period in upper and lower Kissimmee lake, channel and controlling
structures. Based on-the requirements of our routing procedure, the initial
recorded stages of all the lakes of the upper Kissimmee and discharges with
tailwater, headwater elevations at all the structures of the Kissimmee basin
should be adeguate to start the routing model. Such information (also known
as initial conditions) is compiled in Tables 11, 12, 13. Based on Table i1,
weighing factors are further computed using maximum storage, average surface
area of the lake and maximum surface area for each of the lakes contained in a
particular planning unit. Such proportioning factors are given in Table 14.
These factors are used in distributing Tocal inflows (sub=basin model output)
in the corresponding lakes of a particular planning unit. Three sets of these
proportioning factors are intentionally prepared with a view to perform
sensitivity analysis in the later stage (if necessary).

As a result of the comparisons of sub-basin output with historical data, it -
is concluded that evaporation values in the upper Kissimmee lakes should be
included in the routing procedure to improve the sub-basin outputs and thus
their subsequent spatial and time distribution. With this intention, monthly
pan evaporation values recorded at the Orlando Weather Bureau station are
taken and various constants to convert these monthly values to 3 hour lake
evaporation values are computed. Since lake evaporation is a function of
stage, final equations to estimate 3 hour evaporation values for the lake
chain of the upper Kissimmee are given in Tabie 15.

2.5.4.2  ESSENTIAL FORMULATIONS

- As an essential part of the simulation procedure, our methodology also
heavily depends on the formulations of various water Systems. Basic forms
of the equations which are used in our analysis are summarized in Table 16.
As shown in this table, formulations are classified according to the type of
the system (i.e., Take, channel or controlling structures). They are described
as follows: :

2.5.4.2.1  FORMULATIONS OF LAKE SYSTEM

Essentially, the parameters which are of interest to our simulation
analysis are stages, storages, inflows and outflows for various lakes. The
first two equations of the ]ake system given in Table 16 tie together change
in storage (AS) and changes in stage to the characteristics of inflow, outflow
and initial stages. These equations are simple forms of mass-balance equations.
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Tabte 11 . Surface Areas at Haximum'gtages of Different Lakes

AVERAGE
LAKE SURFACE AREA CAPACITY IN ACRE-FT MAXIMUM AREA [N ACRES
IN ACRES _

Pierce 2,251 3,514 3,592

Fast L. Tcho. 12,300 250,000 19,980

Allig. & Brick 3,750 79,500 11,260
Tohopekaliga 21,200 420,000 30,700 at stage 61
Mary Jane 725 16,700 3,100

Hart 253 16,700 7.069 at stage 58
Trout 197 7,215 750 at stage 65
Coén 65 3,663 225 at stage 64
Myrtle 365 5,750 1,230

Lizzie 2“0 18,870 1,220 at stage 65
Preston 515 7,990 1,455

Cypress 2,600 55,000 h,011

Gentry 1,730 ﬁ8,360 9,600

Kissimmee 33,500 716,000 100,000

Rosalie ‘5,540 100,000 9,130

Tiger 3,060 42,800 4,400

Weohyakapka 7,280 895,000 11,000

Alligator 1,350 80,500 9,170

Hatchineha 4,000 43,396 9,439

Joel 124.6 2,716 at stage 65 219.4 at stage 60
Center 365 19,200 4,975
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Table 12, Recorded stages of upper Kissimmee Lakes on December 31, 1969,

LAKES T STAGES
Pierce | | : 77.54
Tohopekaliga - ' : - 55.05
East Tohopekaliga 57.98
Alligator and Brick 63.92
Mary Jane 60.93
Coon 63.92
Hart : 60.92
Cypress 52-54
Kissimmee 52.25_
Gentry E 6].78l
Tiger 52.28
Hatchineha 52.25
Myrtle C 63.40
Preston . '. 63.40
Trout 63.92
Weohyakapka 62.18
Joel | 63.40
Lizzie ‘ : 63.92

Center 63.92
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f ) Table 13. A set of Initia) stages at structures of' the upper and
lower Kissimmee basin. . s

Structure Discharge™™ TWE™ HWE *
5-57 48 © 60.99%%x 63.36
S-58 0 63.34 63.94
$-59 594 55.79 . 57.66
5-60 150 61.98 63.96
$-61 | 727 o 52.30 54.51)
5-62 145 58.00. 61.00
8463 209.33 56.63 59.87
5-63A 0 51.83 56.40

Recording Station |
~ near Lake Wales 309.2 - -
$-65 3400 46.60 52.34
S-65A - 67 40.68 46 . 45
$-658 75 33.96 40.62
5-65¢ 36.13 27.03 3400
S-65D , 34.0 20.86 26.92
$-65E 2660 13.27 20.79

These tailwater and headwater elevation (TWE and HWE) ‘values are at the end
of December 31, 1969 which is the last previous day of the time period
(January 1, 1970 to December 1970) considered in our routing model.

WL
by

THese values are for the first 3 hour period of January 1, 1970.

the Hydrology Division of FCD.
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Table 14. Proportioning Factors for the Lakes of the Upper Kissimmee to
Distribute the Local Inflows from Appropriate Planning Units

Hax.'Storage

Proportioning Factors

Based on

Surface Area

Manual
Avg. Surface Assessment

Lake in acre/ft. at Max. Stage Area of Drainage Planning
_ ‘ _ Area Units

*Alligator &

Brick 0.52 0.610960 +0.812216 . 0.80 ]
Lizzie 0.08 0.066196 0.057982 0.05 1
Coon 0.31 0.012208 0.014078 0.01 1
Trout 0.09 - 0.040695 0.042668 0.04 1
Joel 0.09 0.074012 0.124029 0.09 2
Myrtle 0.91 0.435164 0.363329 0.91 2
Mary Jane 0.500000 0.304848 0.722112 0.70 3
Hart 0.500000 0.685152 0.258691 0.30 3
East Toho. 1.000000 1¢000000 1.000000 1 4,5
Tohopekaliga  1.000000 1.000000 1.000000 1 6,7
*Cypress 0.342485 0.2982]6 0.363636 | - 8,10,11
*Hatchineha 0.657515 0.701784 0.606061 - 8,10,11
Gentry 1.000000 1.000000 ];ODQOOO 0.5 9
Kissimmee 1.000000 1.000000 1.000000 1 12,12,14

*Based on the manual assessment of draina
following proportioning factors are esti

Cypress
Cypress
Cypress
Hatch.
Hatch.

Hatch.

Alligator &

10.40

0.40
1.00
0.66
0.60

0.10

[

q¢ areas of Cypress and Hatchineha, the
mated for these lakes:

0.34

10
8

9
1]
10
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Table 15.  Pan Evaporation Values and Associated Equations with Coefficients
for Estimating Evaporation of Lakes of Upper Kissimmee Basin.

L

Pan Evaporation  Coefficients (K} for Equations for Estimating
in Inches - Cohverting to Lake Evaporation
Month 3 hr. values iin Acre-ft.
(A) (8)
January 2.636250 0.0002688 _ - (A)-(B)- (X, ,)**
February 3.400000 0.0002976 (A)+(B) - (X, ,)
March 4.925000 0.C002688 (A) - (B) - (x; 5)
April. 6.188750 0.0002778 . (A) < (B) - (X;y)
May 7.292500 0.0002688 ' - (A (B) - {x;5)
June 6.741429 0.0002778 (A)-(8) - (Xi()
July 6.573333 0.0002688 (A (B)+ (X, 5)
August 6.298750 0.0002688 (A)+ (B) - (X, g)
September  5.337500 0.0002778 (A) - (&)~ (x;¢)
October- 4.270000 0.0002688 (A)+(B)* (X; )
. November 3.047778 0.0002778 (A)«(B)«(X; 1))

December  2.276667 00002688 (A)+(8) (X |,)

“ Data from Orlando Station compilied by Khanal and Hamrick (reference no.23)

ek

"Xij = Lake surface in acres for ith lake in jthmonth, (i =1, ...14 and
i=1, ...12)
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Table 16. Basic Forms of Equations-ﬁgeful-in the Medel

¢
S
v

System

Formulations

Lake System 1. (Stage)t+i = (stage)t + (As)t+| (A)
2. (88) 4y = Veaq 7 Opy (8)
3. WSE = a (s)P (c)
k. polynomial equations
: D
stage = Ag+A;(S) + A2(5)2+A3(S)3+Ah(s)h ()
Channel System 1. 9y 80 - SE - y (E)
g - aQlfT
gA3
2y2
s op . (D)4V L, ")
2,22 {H.R)"/3
SE = n2Q2P4/3
2.2 A 10/3
Vigp + ¥ . '
o Vi T by (6)
2
Structure i% g
Operations 1. Q(N) = P(GO) (EH) (H)

*Notations are defined in the begtnning of the report.
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In addition it is also necessary to know the stage-storage relationships for al}l
the lakes of the upper Kissimmee. These relationships can be in either tabular
form or in the form of nonlinear equations developed basically from the tabular
form. Although it is clear that the use of tabular form is the most accurate
way of converting back and forth the stages and storages of the lake, the
tabulated values may consume more memory of the computer. Among the nonlinear
exponential functions and polynomial equations the exponential functions can

be selected due to the high correlation coefficients associated with them and
their use by the previous investigators. However, it is to be noted that if

at the later stage they are found to be inadequate in simulating stages within
the accepted accuracies, then we will still have the option to use tabulated
values directly as shown in Tables17, 18, 19, 20 and 2].

2.5.4.2.2  FORMULATIONS OF CONTROLLING STRUCTURES

The operational characteristies of the Kissimmee water systems are re-
flected in the formulations of the controlling structures. Variables consid-
ered in these formulations are gate openings ?GO), headwater elevation {HWE)
and tailwater elevation (TWE) with discharge as a dependent variable as shown
by equation 1 for structure operations in Table 16. In our routing method-
ology these equations are used to compute the discharge through the structure
knowing the simulated tailwater and headwater stages for a given set of
gate openings. Such available formulations for all the controliing structures
for our study are depicted in Tables 22, 23 and 24. As an example, a typical
3 hour gate operational data set that goes with these formulations is pre-
sented in Appendix I. It is to be noted that with structure S-65E being one
of the five check points, the data set given in Appendix 1 also has recorded
tailwater and headwater elevations which will be used to compare our simulated
stages at this controlling structure.

2.5.4.2.3  CHANNEL FORMULATIONS

The development of channel formulations and using them in a convenient
fashion in routing methodology are some of the steps that make our procedure
different than previously attempted techniques. Essentially, the hydraulic
formulations given in Table 16 for the channel system relate to:

1. A differential equation representing gradual varied flow with stope
of energy Tine, channel bottom slope, discharges, cross-sectional
area, top width of the channel and velocity head coefficients as
variables and rate of change of depth (with distance) as a dependent
variable (equation 1 of Table 16).

2. Manning's equation combining. hydraulic characteristics of the flow
(i.e., velocity, Manning's coefficients, slope of the energy line)
with the physical characteristics of the channel cross-sections such
as cross-sectional area (A) and Perimeter (P). (Equation 2 of Table
16 of channel system).

3. An iterative equation based on a numerical integration technique of
trapezoidal rule developed by Prasad (29,30) to estimate the water
depth {and then water surface elévation)} at the end of the channel
section (equation 3 of Table 16 of the channel system).
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Table 17. The available stage-storage values for the lakes of the

upper Kissimmee basin.,

Stage Storage Stage Storage Stage Storage
ft. m.s.]. Acre-ft ft.m.s.]. Acre=ft ft. m.s.1, Acre-ft
Alligator - Brick Lake Liz%ie Lake Coen

54 10,800 41 0 b9 5
55 12,600 b2 30 50 13
56 14,800 43 50 51 27
57 17,400 Ly 100 52 45
58 20,300 4s 170 53 134
59 23,500 46 250 54 254
60 27,000 47 340 55 415
61 30,600 48 25 56 660
62 34,500 49 560 57 947
63 38,400 co 665 58 1310
64 43,300 51 - 800 59 1670
65 50,200 52 990 60 2120
£6 59,000 53 1,210 61 2548
67 68,700 54 1,475 62 3055
68 79,500 55 1,760 63 3685
56 2,135 64 4440
57 2,500 65 5576
58 2,950 66 7425
59 3,435 67 10485
60 4,150 68 14763

61 4,950

62 5,700

63 6,500

. 6l 7,350

65 8,350

66 10,450

T 67 - 16,085

- 68 18,870

A
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(/’ﬁ\ " Table 18. The available stage-storagé values for the lakes of
upper Kissimmee basin. : :

Stage Storage Stage Storage Stage Storage
ft. m.s.1. Acre-ft ft. m.s.l. Acre-ft ft. m.s.1. Acre-ft

Lake Trout Lake Joel Lake MaryJane -
Gl 12 51 30 Lg 16
52 30 52 ' 100 .50 100
53 60 53 . . 187 51 250
54 130 54 287 52 585
55 235 55 304 53 1,100
56 375 56 436 54 1,500
57 5490 57 586 55 2,075
58 736 58 756 56 2,800
59 940 53 946 57 3,600
60 1,170 60 : 1,155 58 4,500
61 1,420 61 ' 1,327 59 5,600
62 1,695 62 1,632 - RO 6,770
63 1,970 63 1,921 61 7,080
64 2,340 64 : 2,261 62 9,500
65 2,840 65 - 2,716 63 11,400
'/\ 66 3,750 64 13,600
. 67 5,460 65 16,700

68 7,215

v
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Table 19, The available stage-storage values for the lakes of the
upper Kissimmee basin.
Stage Storage Stage Storage Stage Storage
ft. m.s.1. Acre-ft ft.m.s.1. Acre—ft ft. m.s. 1. Acre-fr,
Lake Myrtle E. Lake Tohopekaliga Lake Tohopekaliga

52 65 40 0 48 26,000
53 kg 48 24,900 L9 40,500
54 850 hg ' 33,400 50 55,300
55 1,375 50 42,400 51 69,000
56 2,000 51 51,900 52 84,000
57 2,710 52 61,800 53 101,200
58 3,530 53 71,800 54 122,600
59 4,500 54 82,700 55 144,800
60 5,650 55 . 94,200 56 170,500
61 6,700 56 106,000 57 194,700
62 8,000 57 118,300 - 58 222,600
63 9,500 58 130,000 59 250,000
64 11,350 59 143,700 60 280,500
65 13,740. 60 158,600 61 306,000
61 176,400 62 335,000
62 194,300 63 360,000
63 210,500 64 390,000
6l 227,500 65 420,000

65 250,000
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Table 20. The available stage-storage values for the lakes of the
upper Kissimmee basin.

Stage Storage Stage Storage Stage Storage
ft. m.s.1. Acre-ft ft. m.s.1. Acre-ft. ft. m.s.}. Acre-fte
Lake Cypress Lake Kissimmee - Lake Hart
I 0 42 50,000 39 !
b2 23 43 66,000 Lo 13
43 427 &Y 85,000 41 39
Ly 1,614 hs 108,000 42 72
g 3,429 46 135,000 43 111
ke 5,783 L7 162,000 Ly 160
47 8,573 48 190,000 hs 226
48 11,671 49 221,000 46 318
49 15,039 50 256,000 L7 Lihh
50 18,699 51 292,000 48 653
© 5] 22,604 52 330,000 Lg 939
52 26,500 53 " 370,000 50 1,281
53 30,500 54 418,000 51 1,739
54 35,000 55 475,000 52 2,305
55 40,000 56 544,000 53 2,932
56 45,000 57 623,000 54 3,651
57 50,000 58 716,000 55 4,495
58 55,000 56 5,305

57 6,227
58 1,239
59 8,900
60 9,475
61 13,400
62 11,400
c 63 12,540
64 13,600
65 16,700
A



A
(/fh\ Table 21, The available stage-storage values for the lakes of the
upper Kissimmee basin.

Stage Storage Stage Storage
ft. m.s. 1, Acre-ft ft. m.s.1. Acre-ft
Lake Gentry Lake Hatchineha

Sh 5,600 4 0
55 6,700 - h2 - 13,977
56 8,000 L5 14,571
57 9,300 L7 . 17,427
58 10,800 48 22,329
59 12,300 49 27,961
60 13,300 50 34,301
61 15,500 51 43,396
62 17,200 52 51,000
63 20,000 . 53 ' 60,000
64 23,700 o5k 70,000
65 29,000 55 80,000
66 35,600 56 30,000
67 42,000 57 . 100,000

/\ 68 48,300 58 - 110,000
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Table 22, Honlinear Rating Curves fBP Various Controlling Structures
of Upper and Lower Kissimmee basin.

—_———

Structure Type of Equation ' : Constants
Humbey
5-57 Q = C;(60) (Hu-Ti) 2 C; = 15.55936109
| Co = 0.49629271
5-58 Q = ¢, (60) (u-Ti) 2 C] - 15.55936109
Cr = 0.4962927]
5-59 Q = C{AL(60) (Hu-Tiy) C2. C5(HW-TH)C2 for Go<1.0 C, = 8.2933
| C5 = 0.2295
C3 = 17.28
Cq = 0.2295
c C
0 = CAL(GO) ““(HW-Tw) "3 For 60 » 1.0 C1 = 7.2444
Cp = 1.07
€3 = 0.2295
AL = 18.0
z C2
5-50 0 = CyAL(60) (HW-TW) - C1 = 5.8587061
2 = 0.523001236]
AL = 1200
C2 Cq -
$-61 Q= CyAL(GO) (RN~TW) "2-Co (HW-TW) ™ for 6p<1.0 Cy = 4.9583
| ¢y = 1.175
¢S = 0,484
i = 27
€ C3
Q= GAL(GO) “(I-TH) ™ for 60 » 1.0 0y = 4.27
| Cs = 1.175
C; = 0.484
A - 27
_ C2 C3 ’ . -
5-62 Q = C,AL(60)“2 (H-Tw) Cy = 7.214
: ) Cr =1.,08
Cy = 0.492
A= 14.0

—————— e
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Table 22.  (continued)

Structure ,
itumber . Type of Equation Constants
5
S-63 Q= C1AL(GO)(HN~TN) Ci = 6.00
Cr = 1.00
Cy = 0.500
AL = 15.00
. o
S-63A Q= C]AL(GO)(HW-TN) Cy = 6.0
. Cr = 0.5
AL = 15.0
5-65"" - 433
-65 3357
$-65A 0 = 0.40237 (HH-TH)" (80 _0.066) ¢or gy > 2.8
PP 0.001666 ,
-0 :
ers Q = 0.40237(H-T) 243357 (G8) o < 2.8
S-G5E _ 0.002236

GO = Gate opening,

HW = Headwater é]evation,
TW = Tailwater elevation,
AL = Length of the weir

** For six structures of the lower Kissimmee, the eauation form is the same.

Reference: Data from the files of the Hydrology Division of the Central and
Southern Florida Flood Control District.
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Table 23. Second Set of Rating Curves for Six Controlling Structures of
Lower Kissimmee Basin.

Structure
liumber Type of Equation - Constants
: ,
5-65 Q = Cy-AL-(6¢) (HU-TW) 2 C, = 6.0642
: ¢l = 49345
af = 27
*S-65A 0.346787 (Gé - .666)
Q = 0.45 (HW-TW) ljﬁanggw"— Go > 2.8
. . 3 .
Q = 0.45 (HW-TW) 46787 %%%%ggg Gp < 2.8
*S-65B Same as S5-GBA
*S-65C Same as S-65A
*5-650 . Same as S$-65A
*S$-65E Same as S-GHA

* According to the Hydrology Division's files, these equations are derived from
USGS' original theoretical curve.
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Table 24. Third Set of Rating Curves for Six Controlling Structures of

Lower Kissimmee Basin

Structure
Humber Type of Equation Constants
S-65 Same as given in Table 23
$-65A Q = 235.3336 (6¢)"7 033 (Hu-Tu)-346787 o . g . 2
Q= 94.5 (66)V2(m-) 7 300 2 igp <
Q= 96.5 (G¢)]'42(Hw—Tw)'346787+ 300 Go > 4
5-658 Same as equation for S$-65B used in
Table 23 '
*5-65C Same as S-65A4
*S-65D ' Same as S-65A
S-G5E Same as S5-65R

* These equations are based on the FCD-USGS composite curve.
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In other words, for channel roﬁting, we are using Manrning's equation as
against different existing routing methods that are presented in the earlier
section. The obvious reasons for such selection are as follows:

1. Unlike other methods, Manning's equation does not depend heavily
on many coefficients whichrare mostly determined from the historical

data,

2. The channel cross-sections are built into that equation to represent
realistic flow conditions,

3. An adequate sensitivity analysis has been previously done to get
realistic values for Manning's coefficients n for upper as well as
tower Kissimmee basin (28,40,41),

4. A numerical technique is readily available to use iterative pro-
cedure for computing water stages,

5. It is also possible to include marsh area of the lower Kissimmee with
a different formulation for Manning's coefficient in some part of the
cross-sectional channel data.

Originally, we had planned to use Manning's equation with Prasad's
iterative procedure as an intermediate step in our overall routing methodology.
However, realizing the computer time involved in the synthesis of channel data,
subsequent iteration procedure and their hald-up effects on other steps of the
routing procedure, it was decided to use the existing FCD backwater program
separately and then transfer the results independently to the required point
in the main program. This task can be achieved in two ways. In the first
method, the main program can specify the values of Q and their distribution
pattern with other essential computational parameters and then the FCD back-
water program can be called in as a subroutine. The output of the subroutine
can then be transferred to the main program where it will be processed further
as required by the Togic of the main program. In the second approach, for a
given set of discharges and stages, the FCD backwater computations for all the
channel sections of the Kissimmee using the available channel cross-sectional
data. For a given channel section, this program can generate a set of upstream,
downstream stages along with discharges and storages. Using this data set,
empirical relationships based on statistical principles can be derived for
these variables. These established mathematical relationships (also known as
backwater functions) are then used in the main program directly to replace
the backwater computational steps. Between these two approaches, the second
approach seems to be more convenient in the short term as well as long term
basis and thus, it is used in our routing methodology.

As a first step toward developing these backwater functions, the ranges
of discharge and stage are to be decided for each of the channe] sections.
After reviewing the general design memorandums for the channel systems of the
Kissimmee, the upper and lower limits of discharge and stage are selected.
Such ranges are given in Table 25. For each channel section, the corres-
ponding discharge and stage ranges are divided into about ten equal parts
and for each set of discharge and stage, backwater program provides the
upstream stage after cross-sectional data is arranged from downstream to the
upstream side. A stepwise procedure for arriving at backwater functions

a3



Table 25.

Different Channe) Sections

Ranges of Discharge and Sfége: Used in FCD Backwater Program for

Channel Section

Ranges of Discharge in cfs

Ranges of Stage:

in ft. msl

C-38 between
5«65 and $-65A

C-38 between
S$-65A and 5-658B

C-38 between
$-65B and $-65¢

C-38 between
5-65C and 5-65D

C-38 between
S-650 and S5-65E

C-37
C-36

C-32

C-3] below S-59
C-30 below $-57
£-30 above 5-57
C-29 above $-62

C-29 below $-62

0 - 13000
10 - 18000
0 - 20000
0 - 25000
0 - 30000
0 - 7000
0 - 4000
0 - 3000
0 - 2000
0 - 400

0 - 200

0 -~ 700

0 - 300

0 - 300

0 - 250

0 -~ 600

4y - &g
35 - 45
25 - 36
25 - 30
18 -~ 23
45 - 60
4s - 60
ks - 60
4s - 65
55 - 70
5% - 75
ks - 65
50 - 70
50 - 70
55 - 70
50 - 65




(as shown in Figure 36) include:

1. Processing of existing cross-sectional data for all the channels
of the Kissimmee (a typical cross-sectional data set is given
in Appendix IV), '

2. Arranging the cross-sectional data to the correct input format
specified for the existing FCD program of EQ70A for channel
section analysis,

3. Using EO81A program for backwater computations subsequent to
the EO70A program,

4. Getting punched output from the EQ81A program relating downstream
stage, upstream stage, average discharge through the channel
section and computed storage. (A typical set of punched data
for five pools of the lower Kissimmee is shownh in Appendix V),

5. Using such punched output in the "multivariate regression analysis"
subroutine (C069) for developing backwater functions for three
.or four variables of the channel section,

The results from the FCD backwater program (a combination of EQ70A
and EO81A) for all the channel sections of the upper and lower Kissimmee are
given in data generation files of the Resource Planning Departnent. These
files, constituting several hundred pages, contain:

1. Cross-sectional data used in the backwater program,

2, Water stages, water depth, top width, conveyance, accunulated
surface area, accumulated volume, right and left intercepts of
channel cross-sections and the alpha value for each of the stations
considered in a particular channel section.

Although the existing backwater program is primarily based con the basic
formulations given in Table 16, and since it has been refined and re-examined
by many previous investigators, it is used in our study as a black box.
Therefore, to examine the net effect of various parameter coefficients and
assumptions involved in this bladkbox, Table 26 is prepared. As depicted
in this table, the output of the backwater program is compared with tihe
recorded values for pool A of the lower Kissimmee between S-65 and S-65A.
Such comparison indicates the adequacy of the output of the backwater program
in estimating the stage at the one end of the channel section knowing the
nean discharge through the channel and stage at the other end. It is also
to be noted that for the upper Kissimmee channel sections n is assumed to be
0.018 and for the Tower Kissimmee it is taken as 0.025 although for any other
value of n, our results can be modified by simply multiplying them by the
ratio of squares of the new value and the selected values of n. To develop
- the mathematical relationships between upstream stage, downstream stage,
storage and discharges, it is necessary to first look into the nature of the
functional relationships to be attempted. To proceed in this direction, the

85



X—-SEC.

SHEETS
EXISTING
CANAL X-SEC. KEY PUNCH
/' CARDS
DATAMOD

A .
X~ SEC.CARDS

EQTO DOWNSTREAM DIR,
INPUT FORMAT

MANUAL .PROCESS
INVERTING DECKS TO

UPSTREAM DIR.

: r
X-SEC. CARDS | MANUAL REMOVAL ANOG/OR!
Eazo ~——— CHANGE OF ERRONEOUS |

IMPUT FORMA _
RO SECTION ATA
{UPSTREAM DIR) {_c 35 SECT L !

ED7QA

X—SEC.

R MPUT
CA- o TAPE

EVBIA
(MODIFIED TO
PUNCH CARDS)

ECED
|REGRESSION
ANALYSIS

PRINTOUT FOR
BACKWATER
FUNCTIONS

Figure 35, . A FLOW CHART OF THE PROCEDURE FOR
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discharge values, the difference between upstream and downstream stages (aH)
and downstream stages are plotted for C-38A (C-38 between S-65 and S-65A),
C-38E (C-38 between $-65D and §-65E), C-35 below S-61 and C-29A above $-62
as shown in Figures 37 to 40. These graphs, coupled with the requirements
of the existing regression program (E069), suggest that the nonlinear re-
lationships between aH, Q and D.S.S. apply more conveniently to the channel
sections of the lower Kissimmee than for the upper Kissimmee channels. As

a resuit, the existing E069 computer subroutine is extensively used to try
different combinations of four variables (U.S.S., D.S.S., discharge and
storage) for the lower Kissimmee sections and different combinations of
three variables (U.S.S., D.S.S. and discharge) for the upper Kissimmee
channels. Empirical relationships developed by the EQ69 program are depicted
in Tables 27 to 31. Associated with these tables, the following pertinent
points are to be noted:

Since the storage characteristics of the upper Kissimmee units are
largely related to the Jake storage with relatively insignificant storage
in the channel sections of the upper Kissimmee basin, linear and nonlinear
relationships are developed for these channels with three variables of
upstream, downstream stages and discharges. Whereas for five pocls of the
Tower Kissimmee, channel storage being significant, storage parameter is
included as the fourth variable as can be seen from Tables 27 to 31.

Among these various empirical formulations developed, nonlinear equations
of the upper Kissimmee channel sections (as given in Tables 27 and 28) are
finally used in our routing methodology. Similarly, three nonlinear ra-
lationships given in Tables 29, 30 and 31 are simultaneously used to estimate
the upstream stage taking into account storage, discharge, D.S.S5. and more
importantly the cross-sectional data of the channel sections. The selection
of these equations should be made largely by examining the comparative tables
given in the output of the E069 program. More refinement and discussions on
these formuTations are expected after routed values are examined in the tater
stages.

These formulations are further stored in two subroutines which are calied
in the main program whenever necessary. In this fashion, the tedious and
time consuming step of backwater computations is indirectly avoided.

In addition to the formulations presented above, various other convenient
mathematical forms are also considered. Statistical coefficients of these
equations are alse inciuded in the files prepared by the authors (49,50).

2.5.5  COMPUTATIONAL METHODOLOGY

After developing and refining various pieces presented earlier, the

next important step is to link them together to distribute the sub-basin flows.
through the lake, channel and controlling structures of the Kissimmee basin.
Considering the interactions between local inflows, discharge through the
connecting channels of two lakes due to the fluctuations in lake stages, and
discharge through the controtling structures as a function of gate opera-
tions, there can be varieties of iterative routing procedures that can be
developed to achieve the same objective. As a matter of fact, the authors
themselves have outlined and analyzed the routing procedure in three different
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Table27. Monlinear formulations of discharges for the typical seven
chanel sections of the upper Kissimmee basin.

Channel ‘ . NonTinear Relationship
Section 0 = (Us-DS)A (ps)B
o A |  B re
C-32G 0.19562817 1.37327452 0.99036109
C-328B 0.12933563 1.31192007 0:99028838
£-32D0 .11312801 - 1.28232715 0.98835559
i C-3er 0.02812316 : 1.14778715 0.98488793
| C-29 0.23189354 1.53817995 0ﬂ99206]25
C-37 0.44362025 ' 2.25302023 - 0.99901088
C-36 0.40565648 2.17679705 0.99862609

r = correlation coefficient,
0 = mean discharge,
US = upstream stage,
DS = downstream stage
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Takle 28. tonlinear formulations for the channel sections of ubper Kissimmee basin,

'
-

Channel Non]1near ReAatTonship
Section u.s.s. = (D.5.5.)8
A re

C-29 0.005731 0.993423 0.999993
C-29A above S-62 0.000190 0.999820 1.000000
C-29A below 5-62 0.002290 0.997502 0.999399
C-298 0.005924 (,.992899 (.999976
C-30 above §-57 0.00037 0.99969 1.000000
C-30 belnw S-57 0.000792 0.999316 1.000000
C-31 above §-59 0.007304 0.990799 }.999936
C-31 below $-59 - 0.00763087 0.99079207 0.93999]
C-328 0.000350 0.999690 1.000000
C-32C above §-18 0.000696 0.9993g2 1.000009
£-32C below 5-58 0.00001 . 1.000050 - 1.000000
C-32D 0.00014 0.99988 1.000000
C-32F 0.006202 0.994513 (.999973
C-326 0.000077 0.999336 1.000000
C-33 above S-60 .000916 (1.899373 (.299599
C-33 below 5-€0 0.002472 (0.997548 (.999993
C-34 between 5-63 i

and S-63A 0.007898 0.992503 0.999944
C-34 between S5-63A 7 :

and Lake Cypress 0.004327 0.993701 0.9999g97
£-35 0.006335 .989862 0.,999998
C-36 0.003194 -0.994645 0.999999
C-37 0.007644 0.936547 0.999995

correlation coefficient,

-
H

Q = mean discharge,

U.s.s. = upstream stage;
0.5.5. = downstream stage,
Q>0
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Table 29. stage-storage-discharge relationships for the lower Kissinmee basin.

P [

Channel , Honlinear Relatignship
Section US = {DS}A(10q0)B
A B v2

- C-38A 0.93525909 0.12357836 I0.99999427
C-388 0.80300638 0.34915258 0.99997801
€-38C 0.72539726 0.45337676 0.999893335
C-380 0.72979747 0.42254163 0.99995117
C-38E 0.84436366 0.22342839 . 0.99995183
r = correlation coefficient,

US = upstream stage,

DS = dovnstream stage,

) = mean discharge,

Q-0

* C-38A = channel section of C-38 between structures S5-65 and S-G5A
C_3:’)} = 1 n 11 n u n- S_FSA and 5_658
£-38C = " " eeoon " " 5-6G5B and S-65C
C-33D = " " " " " " S-65C and S-65D
C-38E = " " " " Y " $-65D and S-65E
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Table 30. Staqe-storage-discharge refationships for the lower Kissimmee basin.

Channel ' _ Non11near R Tat1onsh1p ‘
Section 1090) (1ogST)B
_ A B ré

C-38A 0.46661167 1.20225620 0.9974083
- 388 0.06123664 1.59817418 0.99994493
C-38¢ -0.11387716 1.70007296 099985066
C-38D —0.32464046. 1.79672855 l0.99987939
C-38E -0.31849147 1.68094907 0.99921370
r = correlation coeffiéient,

DS = downstream stage;

Q = discharge,

ST = storage -in acre ft.,

Q>0 |
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Table 237. Stage-storage-discharge reﬁétionships for the lower Kissimmee basin.

97

Channel Honlinear Relationship
) Section ﬁgﬁtorage - e (logDS)A(logQ)B
A B re

C-38h 1.94349507 -0.18936090 0.59940581
C-388 1.75866251 -0.03262747 0.99987813
£-38C 1.65939267 0.05420344 0.99998 ;24
C-38D 1.54070909 0.17934023 0.99995894
C-38E 1.21042069 0.39086445 - 0.99968979
r = correlation coefficient,

(-\ DS = stage,
¢ = discharge,
e = 2.718281828,
Q=0

—




ways. Having gone through the brain-twisting experience of the "cat chasing
its tail" situation regarding the Togic of these iterative procedures, the
authors have indeed become aware of the difference between a conceptual
methodology and its conversion into computer logic. As a result, it was
decided to present only the basic computational methodology step by step
(even if conceptually these steps are similar and repetitive) by excluding
complicated technicalities involved with these selected steps.

At the outset, the three lakes system is considered with emphasis on the
middle lake and the associated two channel sections (i.e., one on each side
. of the middle lake)}. Using the recorded initial stage of the middle lake,
its initial storage is computed from a stage-storage Table 17. From %he
initial recorded stages of three lakes, the initial discharges are estimated
by channel formulations given in Table 27. If a controlling structure is
located in one or both channe?! sections, the initial discharges are computed
from the discharge rating curves for controlling structures ?as given in
Tables 22, 23 and 24) knowing the recorded tailwater, headwater elevations
(TWE and HWE) and the 3 hour gate opening data. Using-these initial estimates
of discharges flowing into or away from the middle lake and the Tocal inflow
generated by the sub-basin model, the change in storage {AS) in the middle
lake is estimated from the simple mass-balance equation. Knowing the initial
storage and the computed change in storage, a new storage and new stage 1is
obtained for a prescribed time step. If the new discharges corresponding
to the new stage make the change in storage (aS) in the middle lake signi-
ficantly different than the previously estimated AS, then aS is again computed
using the average values of the new and previous discharges through two
channel sections. This iterative procedure is continued until the difference
between previous and new estimates of a$ arewithin the prescribed limit. At
the end of the iteration, final estimates of discharges through the channels,
and the lake stage of the middie are obtained. Two illustrations to explain
the selected methodology (one for Alligator-Brick system in the upper Kissimnee
and the other for Pool A in the lower Kissimmee% are presented with associated
routing steps. For a better understanding of the following steps, the recader
is advised to refer simultaneousiy to Figures 1 and 2.

Consider the first three lakes systems with Lakes Alligator and Brick in
the middle and Lakes Gentry and Lizzie on each side. Channel sections assoc-
iated with this system are:

1. C-32G between Lakes Alligator and Lizzie.
2. C-33 between Lakes Gentry and Alligator.
With the initial stage recorded on December 31, 1969 for the Alligator-

Brick system, initial storage is computed from the stage-storage tables for
the Alligator-Brick lake.

]

. Using initial recorded stades at Lake Lizzie and at AlTigator, the initial
discharge is estimated by channel formulations given in Table 27 (I,).

Since, for channel section C-33, there is a structure (S-60) located
between Gentry and Alligator, the initial discharge through the structure is
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estimated from the recorded taiTwatEf and headwater elevations (TWE and HWE)
and the first 3 hour gate opening data using the discharge curves of contrelling
structures.

Now by considering the first 3 hour local inflow of January 1, 1870,
(which is assumed to be the same as the discharge through $-60) and initial
estimates of the discharge through C-32G, the change in storage (aS) in
Lake Altigator-Brick system is computed as follows:

AS = I i_Iz 0
where
I, = a proportion of 3 hour simulated streamflow from the FCD sub-basin
model for planning unit 1,
[, = initial estimate of flow between Lakes Alligator and Lizzie,
0, = initial estimate of flow between $-60 and Lake Alligator-Brick

system through C-33.

After converting this AS value to acre-ft., new storage is obtained by adding
AS to the initial storage. Corresponding to this new storage for the first

3 hour period, new stage is computed from the corresponding stage-storage
Table 17,

Using this new stage at the end of the 3 hours and using initial stages
at Lake Lizzie and headwater elevation at S-60, new discharges through C-33
and C-32G are estimated. _ -

Using these new discharges and the same value of local inflow into Lake
Alligator, the AS is again computed. If the absolute difference between new
and previous estimates of AS is within the storage error margin, then iteration
is stopped for Lake Alligator and new stages and new estimates of discharges
through C-33 and C-32G become final estimates which are subsequently used in
the next step for Lake Lizzie.

If the new estimate of aAS is significantly different than its previous
values, then that means that estimated discharge vaiues are to be modified.
This is done by taking averages of the new and previous values of discharges
through C-33 and €-32G. With these average values of discharges, AS is
again computed for the Alligator and Brick system. This procedure is contin-
ued until the difference between previous and new estimates of 4S are within
the prescribed Timit, : : .

From the final estimate of discharge through C-33 and final 3 hour stage
of Alligator Lake, headwater elevation ?HNE) at 5-60 is computed using the
equations of TabTe 28. This stage is the simulated headwater stage which,

in turn, is used to estimate discharge in the next time step.
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The final outcome of the iterative procedure for this three lake system
gives us:

1. Final estimate of stage in the Lake Alligator-Brick system at the
end of the particular 3 hour period considered.

2. Final values of discharges through C-33 and €-32G at the end of

the 3 hour period.

3. Simulated headwater stage at 5-60.

The procedure that is described for the first three lakes system 1is
repeated for next chain of three lakes. Likewise, the analysis is completed
for lakes Lizzie, Coon, Trout, Joel, Myrtle, Mary Jane, Hart, East Tohopekaliga
and Tohopekaliga in that sequence with associated channel sections and con-
trolling structures. Although the next Togical step is to include three
lake system of Tohopekaliga, Cypress and Hatchineha, it is essential to
consider Lake Gentry next because Lake Cypress is associated with three
channel sections; one channel being linked to Lake Gentry through controlling
structures. Thus, in the next three Jakes system, lakes to be considered
are: '

i. Lake Gentry

2. Lake Alligator
Associated controlling structures are:

1. S-60 on C-33

2. 5-63 below Lake Gentry.and

3. S-63A
Channels to be included in this analysis for this lake system are:

1. €-33 and

2. C-34 between S-63A and $-63

With the initial stage recorded on December 31, 1969 for Lake Gentry,
initial storage is computed using nonlinear stage-storage relationships
given in Tables 17 through 21. '

Using the initial estimates of discharge through $-60 and $-63 coupled

with 3 hour local inflow, the change in storage during the 3 hour period is
computed as ‘ '
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3 hour sub-basin model outbﬁt for planning unit. 9,

I, =
I, = initial estimates of discharge through $-60
0, = initial estimates of discharge through S-63

- A new storage is thus obtained by adding AS to the initial storage.
This new storage is converted back to the stage from the developed relationship
for Lake Gentry given in Tables 17 through 21.

Considering this new stage as headwater elevation at S-63 and computed
tailwater stage (i.e., this stage is computed by using downstream stage as
56.5 and initial estimate of discharge through $-63 in the formulations for
C-34 as given in Table 28) in rating equations of S-63, a new value of dis-
charge through S-63 is estimated.

Using this new estimate of discharge, previously used value of discharge
through $-63 and local inflow of planning unit 9, change in storage (aS) is
again estimated and iteration is continued or stopped -depending on the difference
in the previously estimated and newly estimated storages for Lake Gentry.

At the end of this iterative procedure, the following values are finally
estimated : ,

1. HNew simulated 3 hour stage in Lake Gentry,
2. Discharge through C-34

After the analysis of Lake Gentry, the next three lake system with Lake
Cypress in the middle, and Lakes Tohopekaliga and Hatchineha on each side is
considered. Channel sections considered in this system are

1. C-35 between Lakes Tohopekaliga and Cypress
2. C-36 between Lakes Cypress and Hatchineha

With the initial stage recorded on December 31, 1969 for the Cypress system,
initial storage is computed by using nonlinear stage-storage relatiaonships
given in Tables 17 through 21.

Using initial recorded stages at Lakes Cypress and Hatchineha, the initial
discharge is estimated by channel formulations given in Table 28.

Since for channel section €-35 there is a structure S-61 iocated between
Lakes Cypress and Tohopekaliga, the final discharge through the structure is
obtained from the previous step.

Now by considering the first 3 hour local inflow of January 1, 1970,
(which is a fraction of the corresponding sub-basin model output according
to Table 14), final estimates of the discharges through C-35 (which is assumed

/
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Py
to be the same as the discharge through $-61) and initial estimate of the
discharge through C-36, the change in storage (aS) in Lake Cypress system
is computed as follows: .

where
I3 = a proportion of 3 hour simulated streamflows from the FCD
sub-basin model for planning units 8, 10 and 11
I, = final estimate of flow between Lakes Tohopekaliga and Cypress
I3 = final estimate of discharge through C-34.(this is obtained from the
previous step).
0, = initial estimate of flow between Lakes Cypress and Hatchineha

After converting this aS value to acre-ft., new storage in Lake Cypress is
obtained by adding AS to the initial storage. Corresponding to this new
storage for the first 3 hour period, new stage of Cypress is computed from
the nonlinear relationships of Tables 17 through 21.

Using this new'stage at the end of the 3 hours and using initial stages
at Lake Hatchineha, new discharge through C-36 is estimated.

Using this new discharge and the same values of local inflow into Lake
Cypress and other inputs, the AS is again computed. If the absolute difference
between new and previous estimates of aS is within storage error margin, then
iteration is stopped for Lake Cypress and new stage and new estimate of dis-
charges through C-36 become final estimates which are subsequently used in
the next step for Lake Hatchineha. . o

If the new estimate of aS is significantly different than its previous
value, then that means that estimated discharge values are to be modified.
This is done by taking averages of the new and previous values of discharges
through C-36. With this average value of discharge AS is again computed
for Lake Cypress. This procedure is continued until the difference between
previous and new estimates of AS is within the prescribed limit.

From the final estimate of discharge through C-34 and through C-35 and
3 hour stage of Cypress Lake, tailwater elevation {TWE) at S-63A and headwater .
elevation %HHE) are computed at S$-61 using the equations of Table 28. This
stage is the simulated headwater stage which, in turn, is used to estimate
discharge in the next time step. :

_ The final outcome of the iterative procedure for this three lake system
gives us:

I. Final estimate of stage in the Lake Cypress system at the end
of the particular 3 hour periogd considered.

2. Final values of discharges through C-36 at the end of the 3 hour
period. '
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3. Simulated tailwater stage';t S-63A
4. Simulated headwater stage at $-61

Thus, after completing the iterative procedure of this three lake system,
the same procedure is repeated for the next three lake system with Lake
Hatchineha in the middle and Lakes Cypress and Kissimmee on each side. After
completing the analysis for Lake Hatchineha, the last lake sys tem of the
upper Kissimmee basin is considered.

In this system, the channel section is C-37, the lake is Kissimmee and
there is a controlling structure (S-65) at the other side of Lake Kissimmee.

As usual, initial storage in Lake Kissimmee is computed from the recorded
inftial stage given in Table 12.

For the first 3 hours of January 1, 1970, the change in storage (aS)
in Lake Kissimmee is estimated as follows:

AS = 1

where

I} = final estimate of discharge through C-37 for the first 3 hours of
danuary 1, 1970. (This is computed by the iterative procedure of
the previous step).

I, = a proportion of 3 hours simulated streamflows from the FCD sub-~basin
model . :

0, = initial estimate of discharge through $-65 (This estimate is based
on the initial recorded tailwater and headwater elevations on
Jecember 31, 1969 and the observed gate operations for the first
3 hours of January 1, 1970).

After computing AS, the new storage and thus new stage of Lake Kissimmee
at the end of the 3 hour period are obtained using initial storage, AS and
relationships given in Tables 17 through 21.

Using this new stage as the new headwater elevation at $-65 coupled wifh
the same value of tailwater elevation and set of gate operations, new dis-
charge through S-65 is estimated.

For this new discharge, if the value of the new aS in Lake Kissimmee is
not significantly different than the previously computed value of aS, then
the iteration is stopped right here and then computed Jake stage and discharge
through S-65 are final estimates for that 3 hour period.

If, on the other hand, the new value of AS is significantly different
than the previously computed value of AS, then the average value of new and
previous values of discharges through S-65 is used to compute again the
latest value of AS. Likewise, the iteration is continued until the difference
betvieen the new estimate and the previous estimate of AS lie within the pre-
scribed storage error margin.
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At the end of the iteration procedure applied to the Kissimmee lake
system, we get

1. Final stage in Lake Kissimmee at the end of 3 hours and
2. 3 hour simulated headwater elevation (HWE) at S-65.

After completing the iterative steps of the upper Kissimmee for a given
time step of 3 hours, five pools of the lower Kissimmee are then considered.
Due to the storage in the channel as well as in the surrounding vegetative
marsh areas, the iterative procedure for these pools is different than the
lake-channel system of the upper Kissimmee. Such procedure is illustrated
step by step for Pool A {which is basically C-3& between S-65
and 5-65A with the contributing area of planning unit 15).

Using initial tailwater and headwater (TWE and HWE) stages at $-65 and
$-65A with the corresponding first 3 hour gate operations at these structures,
initial discharges through $-65 and S-65A are estimated from the given rating

curves.

Taking the average value of these two initial discharges through $-65
and 5-65A and recorded initial HWE at S-65A, initial storagé is estimated
for Pool A from the equation in Table 31,

How for the first 3 hour period of January 1, 1970, the change in storage
for Pool A is estimated. by ,

S =1, + 1, -0,

where .
I, = final estimate of discharge through $-65 (This is obtained from
the appiication of the same procedure to Lake Kissimmee).
I, = 3 hour streamflow values for planning unit 15 obtained from the
sub-basin model,
0, = discharge through S-65A (This can be estimated from the rating

curve).

Using this new storage (i.e., initial storage + aS) and average discharge

. I] + 01
1.e., =
( Q 5

the equations given in Tables 29 and 30.

) upstreém and downstream stages in C-38A are estimated from

Thus, when tailwater elevation at $-65 and headwater elevation at S-65A
are estimated, a new discharge corresponding to these new simulated stages is
then obtained. Using these values, the change in storage is recomputed. If
the new value of the storage is not significantly different than the previous
value, then iteration is stopped.
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If the new value of the storage is significantly different than the
previous value, then averages of new and previous discharges at S-65 and
5-65A are taken and iteration is continued until the new value of storage
is similar to the previous estimate within the prescribed error margin.

Thus, the outcome of this iteration procedure as applied to Pool A
give us:

t. 3 hour simulated headwater elevation at S-65A and
2. 3 hour simulated tailwater elevation At S-65.

This procedure is continued for the other four channel sections and
similar analysis is performed for the next time step using simulated dis-
charges and stages of the previous time step.

2.5.6  SPECIAL CHARACTERISTICS OF OUR ROUTING METHODOLOGY

After examining all the previously reported efforts on the hydrologic
modelling procedure for the Kissimmee basin, it is seen very clearly that
our effort to develop a routing framework and thus complete the overall
development of operational watershed models is unique in many respects.

First of all, through this report an effort is made for the first time
to tie together the sub-basin model and the routing procedure for the entire
Kissimmee basin, including the upper chain of lakes and the peculiar types
of the five pools of the Tower Kissimmee.

Although the routing methodology is demonstrated onTy for one year
of 1970 on a 3 hour basis, it is designed to take into account:

1. The change in the flow direction due to the prevailing
operating rules at controlling structures,

2. Indirectly the possible time lag between the streamflows of the
sub~basin model, and more importantly

3. The interactions of stage-storage and discharge characteristics
of lakes and channels of the controlled water system of the upper
and Tower Kissimmee basin. '

While designing and developing different steps of our methodology many
simplifications in the form of assumptions, approximations and speculations
were made. They are as follows: - -

1. Lakes Brick and Alligator are considered as one combined lake, .

2. lLake Ajay is again treated in combination with East Lake Tohopekaliga,

3. Since the water level in Lakes Myrtle and Preston is the same, Lake
Preston is not included in the analysis although its share in

storages and in distributing sub-basin model output are indirectly
accounted for,
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Similarly, offline Lake Center is not directly included in the
analysis since the water level of Lake Coon and Lake Center is
the same although its storage is accounted far,

Because of the short and straightforward nature of channels C-298,
(-34 above S-63, C-35 above S-61, they are not included in the
backwater computational methodology. For these channel sections
it is assumed that the water level of the nearest lake is equal

to either the headwater or tailwater elevation at the structure

of these channels,

For channel sections of upper and Tower Kissimmee the backwater
functions are developed with backwater computations carried out
from downstream to upstream. It is assumed that the pattern of
backwater values remains the same when backwater functions are
used from upstream to downstream direction.

Since the routing methodology and associated computer design is intended
to be general with the operational characteristics of the controlled system
of the Kissimmee adequately built into the steps of our routing procedure,

the procedurc is susceptible to the parametric sensitivity analysis.

it is possible to examine the effect of changed conditions on the different
parameters under investigation.

As far as the specific investigations for the Kissimmee basin are con-
cerned, Kiker and Sinha have attempted to generate the simulated stages based
on hydraulic simulation (23, 29). The basic difference in our methodology
and these two previous investigators are as follows:

1.

Aithough Sinha has discussed the various pieces of the operational
watershed model, his fnvestigations are limited to the East Lake
Tohopekaliga basin and furthermore, the outputs from the sub-basin
model were not used in his computations. '

While performing the operational analysis of a flood in the lower
Kissimmee River basin, the staff of the Engineering Department of
the FCD has applied hydraulic principles to investigate the damages
caused to the channel rip-rap of control structures. However,

such investigations are specifically for analyzing the flood events.
for the whole month of October of 1969 on an hourty basis. Again,
in this study, discharge rating equations of the control structures,
backwater formulations with Manning equation and gate operations
data are used (without sub-basin model output) to analyze the flood
event. ‘ :

Professor Kiker has attempted to combine the sub-basin model output
with the routing steps for the upper Kissimmee water system enly.
His simulated values are on a daily basis using the average daily
gate opening data with backwater computations associated with
Tterative procedure done in every time step. Since certain lakes
are treated as one, some of the channel sections between these
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individual lakes are not analyzed. 1In addition, the cross-sectional
data of the channel sections are related to the side slope, bottom
width, trapezoidal cross section and bed siope; whereas, in our
methodology, the elevations at various points in the cross section
(obtained by the survey crew) are used to first carry out backwater
computations and then develop the backwater functions interconnecting
upstream, downstream stages and discharge for the full channel
section.

4. For the first time, our study attempts to unify hydrologic and
hydraulic pecularities of the upper and lower KisSimmee in one
computer program. ‘

In a nutshell, the consideration of three lake systems in the routing
methodology, the use of the developed backwater formulations, parametric
sensitivity analysis to calibrate the model and use of practical assumptions
are main factors responsible for making our methodology different and perhaps
unique.

2.6 COMPUTER PROGRAM TO COMBINE SUB-BASIN MODEL AND ROUTING MODEL:

After generating, developing and refining pieces of the operational
watershed models, it is a separate task to design a computer program for
carrying out the steps of different types efficiently. Such a planned
computer program is expected to

1. Make available the complete input data set of recorded 3 hour
stages for selected ceontrolling structures and gate openings
for all the structures of the upper and lower Kissimmee basin,

2. Provide sub-basin output to be included in the routing steps,

3. Perform the iterative procedure of the routing model using all
the developed -formulations, input data set, sub-basin putput
and initial conditions.

In simple terms it means that such a computer program should handle the
following three steps separately:

1. Input data synthesis,

2. Sub-basin model, and

3. Routing procedure.

The computer steps in processing the input data set are depicted in

- Figure 6. As shown in this figure, the recorded break-point stages and gate
operations (which are either on paper tapes or on punched cards) are processed
through EO040 and E049 programs to '

1. Verify the input data and deliver proofed output, and

- 107



hfi

2. Generate stages and gate oﬁérations at 12 minute intervals
fron the break-roint recorded data.

Since in our wethodology, the data computational steps require 3 hour
data, a program SDATA is provided to convert the output of E040 into 3
hour data set. This process is repeated for gate operations of all the
structures and for recorded stages of selected controlling structures. As
a result, a huge data base of these parameters is generated for only 1
year of 1970. To adequately use such data on a random access basis, the
data sets of various structures are arranged in order and are stored on a
tape through a program called MERGE.

In summary, this piece of the computer program processes the break-
point historical data into 3 hour values of stages and gate operational
data whicn can be conveniently used in the routing steps.

To bring together the sub-basin model output for the one year of 1970
for the 19 planning units, discharge data of 10 years located in the disk
is further processed through a DISCHEXT program as shown in the last two
steps of Figure 6. In this way, discharge values on a -3 hour basis for 19
planning units for our selected routing period of 1970 are stored on a file
from which they can be transferred to the routing program whenever necessary.

The third part of the computer program deals primarily with the iterative
procedure of the routing model which is described previously. It is to be
roted that the computer logic is developed around .a map which is designed
to include the three lake system with computational steps related to the
central lake and two Tinks connecting two side lakes to this central lake;
these two Tinks may be either channel controlled or structure controlled.

These computerized steps essentially

1. Start with the 5 x 34 matrix map-of the upper Kissimmee basin
with three lake systems considered at a time,

2. Check for the channel section with either lake controlled or
structure controlled,

3. Estimate initial, final and'average discharges through the channel
sections, initial and final storages in lakes,

4. Use stage-storage relationships for all the lakes and stage-storage
discharge relationships for the channei sections with FUNCTIONS,
BACKWTRT and BACKNTRZ, . :

5. Take into account the correct direction of the flow,

6. Compute discharges through the controlling structures using
gate operations,

7. Carry out the iterative procedure by using a criteria of error
stage margin, and finally ‘

108



8. Provide final estimates of simulated stages in all the Takes of
the upper Kissimmee with the corresponding final estimates of
discharges through the channel sections.

Thus, it can be sunmarized that using input tapes containing the sub-
basin model output and operational data, the computer program with its
various steps is designed to combine sub-basin model and routing procedures
together. For more clarity, the system chart of the overall operational
watershed model is depicted in Figure 6. °
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CHAPIﬁR 3

3.1 NATURE OF THE OUTPUT

After refining all the previously described pieces of the operational
watershed model, the output is essentially the net result of.the interactions
of various subcomponents of our hydraulic simulation procedure. Since, as
per our final goal, we are able to develop a broader operational water
quantity model for combining sub-basin models with routing models for the
entire Kissimmee Basin, the primary output from such methodoloqy consists of:

1. Three hours of simulated discharges through all the channel
sections of the upper.and Tower Kissimmee for the year 1970.

2. Three hours of simulated mean discharges through all the control
structures for the full year of 1970 .

3. Three hours simulated stages for all the major 14 lakes of the
upper Kissimmee Basin. :

4. Three hours simulated tajlwater and headwater stages at all the
control structures of the upper and lower Kissimmee Basin.

5. Storages in all the major lakes and storages for five sections
of the lower Kissimmee at the end of every.three hours for the
entire year of 1970, -

6. Comparative tables for assessing the adequacy of the output by
comparing recorded TWE and HWE with simulated values at selected
control structures, -

7. Graphical comparisons of simulated stages and‘recorded stages of
eight lakes of the upper Kissimmee Basin. .

8. Graphical comparisons of the simulated and recorded daily dis-
charges through S-59, S-63, $-57, $S-62, $-60 and S-65.

Excluding the time required for preparing manually the comnarative
graphs, it takes about 5 hours on the CDC 3100 computer to obtain the above
required output. Further breakdown of these 5 hours is as follows:

1. Sub-basin output {139 minutes)

a. state conditions program (2 minutes)
b. BASIN parameters (2 minutes)

c. rainfall synthesis (20 minutes)

d. BASIN model (100 minutes)

e. printing the result (15 minutes)

2. Routing model output {150 minutes)
a. DISCHEXT program (15 minutes)

b. ROUTING program (120 minutes)
. GRAPH program (15 minutes)
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In addition to the above primary output, a tremendous -amount of secondary
output is also generated. Categorically, such secondary output consists of

1. A complete set of cross-sectional data of all the channel sections
of the upper and lower Kissimmee Basin in computer usable form.

2. The backwater computations at every available cross-section of all
the channel sections of the upper and Tower Kissimmee for different
ranges of discharge and stage as shown in Table 25,

3. Various types of backwater functions correlating the downstream
stage, upstream stage and discharge for the channel sections of
the upper Kissimmee and correlating four variables (US, DS, 0 and
storage) for the five sections of the lower Kissimmee.

4. Linear-nonlinear stage-storage functional relationships for all
the 14 Takes of the upper Kissimmee.

5. Operational data such as gate openings and the corresponding head-
water, tailwater elevations at all the 14 control structures of the
upper and Tower Kissimmee Basin on a 3 hour basis.

Considering the fact that we are for the first time, trying to incorpor-
ate collectively huge sets of input data, various types of coefficients,
numerous mathematical formulations, complexities in computer logic and iter-
ative procedures in developing an operational framework for the hydraulic
simulation of the entire Kissimmee Basin, the results are indeed encouraging.
The success of our methodology can ‘be viewed in terms of the various compari-

of the overall operational watershed model, it is to be noted that a particular
set of simulated stages and discharges correspond to the specific set of the
combinations of coefficients, mathematical formulations and input data. Even
if one coefficient is changed arbitrarily or systematically, the output of
simulated stages and discharges corresponding to that change can be signifi-
cantly different from the previous set. In addition there are numerous key
coefficients, rate constants and numerical multipliers that can be changed.
As a result, it is hetter to first obtain an output based on realistic and
well documented input data set and then a further tuning-up of the proper
coefficients in the right direction 1is recommended after comparing the simu-
lated values with the recorded values. '

For example, the results of our routing methodology for the upper Kiss-
immee Basin gave us comparative discharge graphs shown in Figures 41-48 for
a particular set of state conditions, basin parameters of sub-basin models
coupled with another specific set of proportioning factors, tabular values
and mathematical formulations of the routing model. Although the correlations
depicted in Figures 41-48 for discharges are excellent, the comparative graphs
of simulated and recorded stages of some of the lakes of the upper Kissimmee
show some differences in graphical comparisons for Lakes Cypress, Kissimmee and
Tohopekaliga which are depicted in Figures 49 and 59. A comparative table of
simulated stages at three illustrative points are shown in Table 32. These
comparisons indicate clearly: :

1. The capability of the operational water quantity model to combine
the sub-basin model with the routing methodology and to generate the
wanted simulated information,
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44,020
46.020

C4B.010

50.019¢
S52.010
54,010
44,080
46,060
48.060
50,040
52.030
S4,.020
44,190
ab,140
48,130
50.090
52,060
S4.040
44,330
46,250
48,220
S0.150
52.110
S4.070
44,510

464290

48.350
50,2490
52.160
54.110
44.720
6,560
48,500
S0, 340
52.230
54,160
44,970
46,750
48,670
50.460
S5z.320
54.210
45.240
“bh.970
“8,870
S0.600
52.410
54,280
45,550
«T.210
49,080
50.740
524510
54,330
45,870
4T.470
49,310

50.910
52.630
S4.420
46,220
4T.T60
49.550
51.080
52.750
54,510
465.600
LB.060
49,820
S1.329
52.980
54.750
46,970
48,370
50.060
S5l.460
53.020
S4.010

Cus

43.730
45,586
4T.437
49,283
5l.12%
S2.961
44,249
h6.184
48.001
49,869
S1.732
53,591
4445135
46,425
48.310
50.1%0
52.066
53,936
44,729
46,628
48,521
S0.410
52.293
S4el72
44.876
46,781
49,681
50.575
52.465
54,2350
44,994
46.904
48,809
50.708
S52.603
S4,492
45,092
7,006
48.91%
50.8)8
S2.717
S4.611
45,175
47,093
49,005
59.912
52.815
S54.712
45.248
47.169
49.084
50.9%4
52.900
54,800
45.M12
41,226
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S1.0867
52.915
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45,370
47.296
49.216
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53.042
54.948
45,422
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49,273
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53.103
85.011
45,470
47,400
49,1325
Sl.244
53.159
55.069

UFACT

1.00662190
1.0095202
1.0120765
10147664
1.0173185
1.,0198000
19961696
29973117
1.0012290
1.0034275
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C384A

DFACT

1.166
1.161]
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1.096
1.059
1,043
1.096
1.111
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1.013
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1.069
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1.030°
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«97¢
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957
923
«902
894

STCR

4329.18
5336.8)
T938.45
16325.95
25015.72
3az23.28
#339.10
5349.40
7963.84
14375.42
25062.23
1g261.26
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s3T0.51
ap06.34
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2524B.44
38413.00
4u08.56
T439.30
8144 .85
14722423
2538T7.78
3852646
akhh 95
5487.64
A243.01
14905,42
2555767
Jpe6S5.22
L4BT.96
SG459 .84
RI62.52
15125137
25757.87
3aA28,7]
453761
S5614.67
8506.24
15382.45
25988.97
J90)T.28
4596414
5695.80
BeB]1.89
156Ta.48
26247.9)
39231.74
Whhh 27
5792.04
An9d. 26

16000.58 -

26537.02
JguT2.568
WT4le12
%901.90
9152.17
16360.17
26854 .89
39740.54
4188.33
456542
5078.23
55%9.89
4151.33
67T19.00
4924.T2
6166.82
9795.38
17180.19
2757481
40358.21

CSTOR

106015,75
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us . CUS UFACT 05 cns OFACT STOR C5TOR SFACT Q
264,110 26,655 « 9795470 26.000 21,709 .938 37209.89 2763.31 1,16 2000.00
28.080 2A.127 L99RINTY 23,000 28,428 <985  3A2B.12  3735,04 9T . 2000,00
30.060 29.571 1.0165423 30,000 29,764 T 1.026  6163.11 4964 ,39 B4 2060.00
32.050 30.9R8 1.0342668 32,000 30,3R3 1.053 5030.95 6500,78 «77 2000.00
34,020 32.381 1.0509149 34,000 33,302 1.021 8B067.81 B400,05 W96 2000,00
36,030 33.752 1,0674878 36,000 37,635 +957 15776.05 10724.96 1,47 2000,00
264420 27.731 9527251 26,000 27,481 <966  3235.72  2869.11 1.13 4000,00
28,310 29.263 9674487 28,000 2R,182 +994  3rS0.27  3883,59 .94 4000,00
30,240 30.764 9829573 30.000 28,985 1,035 41B4.22 6168,8] «81 4000.00
32,180 32.239 +9981756 32,000 30,117 1,063 5959.87  &7177.12 75 40006,00
36,140 313.688 1.0134107 34.000 33,020 1.030 B29.59 B767.77 «93  4000.00
36,110 3S5.114 ~ 1.0283536 36,000 37,706 +965 1S5AB0.69 11207.44 1.42 4000,060
26.910 28.338 9496218 26,000 27.407 «94%  3277.85 2928.90 1.12 6000.00
28,690 29,903 9594461 28,000 28,088 «997  38B6.B9  396T.63 +93 6000,00
30,530 31.4237 9711601 30,000 28,877 1,039 4219.40 S5284,57 .80 6G00,00
32.410 32.944 .9837894 212,000 Jo.oll 1.066 5108.12 &933,76 +74  6000.00
34,310 34,425 +996655] 14,000 32,921 1.033 Ap34.21 B976.41 .92 6000,00
36,240 35,883 1.0099629 36,000 37,176 968 16058.03 ~11481,44 1.40 6000.00
27.540 28,759 9576241 26,000 27,405 <949  3335.21  2970.45 .12 80006,00
29.180 30,37 «9615453 28,000 28,062 «998 3737.68 4026.08 93 B000.00
30.910 31.904 9688314 30,000 28,R39 1.060 4269422 5365.13 .80 8000,00
32.720 33,434 9786571 32,000 29,981 1.067 5178,32  7042.85 .74 8000,00
34,540 34,937 +9886456 34,000 32,911 1.033 B384.11 9121.79 .32 B8000,00
36.420 36.416 t.0001181 36,000 37.141 <969 1631229 11672.45 1.40 B0O00.00
28.290 29,080 9728256 26,000 27.450 .947 3406473 3002.22 1.13 10000,00
('\t 29.770 30.686 .9701395 28,000 28,084 +997 2802.26  4070.78 «93 10000.00
31.350 32.261 .9729968 30,000 28,847 1.040 4134.12  S426.78 .80 10000,00
33.100 33.007 «9790754 32.000 30,007 1.066 5274.23 T126.35 T4 10000.00
34.830 35.327 +9859223 34,000 32.964 1,031 B8582.44° 9233.1) «93 10000.00
36.650 36,823 9952051 36,000 37,170 +969 16448.80 11818.78 1.41 10000,00
29.100 29.340 .9918258 26.000 27.530 +944  3491.70  3027.89 1.15 12000,00
30,440 30,960 .9831967 28.000 28,1739 2995 3RB0.60  4]106.91 .94 12000.00
31.940 32.549 9812856 30,000 28,891 1,038 4415.10  5476,61 +81 12000.00
33,540 4.109 .9833126 32.000 30,079 1.066 5299.13  71923.87 <75 12000.,00
35,160 35.643 9864577 34,000 33,069 1.028 8A34.44 9323,16 .95 12000,00
36,920 r.152 .9937665 36,000 7,253 C .966 17078.31 11937,19 1.643 12000,00
29.970 29.557 1.0139672 26.000 27.638 941 3I589.69 049,39 1.18 14000.00
31.170 31.190 .9993723 28,000 28,224 992  239723.21 4137.18 .96 14000,00
32.550 32.790 .992673]1 30,000 28,969 1.036 4515.63 55]8.39 .82 14000,00
34,040 34,362 «9906331 32.000 30,195 1.060 5557.56  7250.49 .77 14000,00
35.550 35.907 +9900656 34.000 33,229 1.023 9155.62 9398.69 .97 14000,00
37.240 AT.427 » 9950092 36,000 37.388 963 17624.B5 (12036.57 1.46 14000¢.00
30.870 29.744 1.0378602 26,000 27.170 2936 3701.03  3067.87 1.21 16000.00
31.950 31.287 1.0179499 28,000 28,337 +98A 40B3.26 &4163,22 «98 16000,00
33.210 32.997 1.0064430 30,000 29,084 1.031 4h41+25 5554.31 «84 16000,00
34.580 34.579 1.0000307 32,000 30,1356 1.054 5755.60 7299,.20 .79 16000.00
35,980 36,134 9957506  34.000 33,438 1,017 9551.2&  9463,68 1.01 16000,00
37.590 37.663 99680557 36.000 37.587 +958 18336.97 12122.00 1.51 16000.00
31.780 29.907 1.062612¢ 26,000 27,925 «93) 3827.35  3084,06 1.24 18000,00
32.750 31,559 1.,0377329 28.000 28,479 «983  4212.33 &4186.03 1.0) 180G0.00
33.910 33.179 1.0220375 230.0600 29,236 1.026 4795.83 5585.81 +86 18000.00
35.150 14,769 1.0109564 232.000 30,563 1.067 6000.28  7341.90 .82 18000,00
36,440 36,332 1.0029667 34.000 33,693 1,009 10025.23  9520.66 1,05 18000,00
37.970 3r.870 1.002632% 36.000 37.838 2951 19209.33 12196.97 1.57 18000.00
32.700 30.053 1.0880848 26,000 28,103 2925 3971.28  3098.46 1.28 20000.00
33.570 31.713 1.0585702 28,000 28,646 «977 4361.25  4206.32 1.06 20000.00
J4.640 33.340 1.0389890 230,000 29.423 1.020 4981.74 §611.82 .89 20000,00
35.740 34,938 1.0229530 232.0600 ,.8la 1,038 6297.19 7379.89 .88 20000.00
('\. 36,940 36,509  1.0118102 2J4.000 34,000 1.000 10601.32 9571.38 1.11 20000.00
38,370 38.054 1.0082936 36,000 38,133 . «Gah 20239.75 12263.7¢0 1.65 20000,00
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INTRODUCTION

As a result of increasing use of complex models for simulating the
interactions within a water system and then utifizing the simulated results
for developing planning policies, it is vitally important for the decision
makers to clearly understand the Eomputational steps involved in the simu-
lation procedure. Since almost all mode! simulation procedures are carried
out on high speed computers, the theoretical deve]opmept of the simulation
procedure (also called model) should accompany documentafion of the computer
programs used in the procedure. This is particularly beneficial when the
developmental procedure is carried out by many investigators in cronological
sequence. It is also common experience that the more complexities the model
attempts to include, the more it depends on the rate coefficients, character-
istic parameters and large set of ipput information. Although there has Eeen
increasing tendency to Took at the model as a "black box" emphasizing the
input-output values withouf'getting into the internal computational steps of
the model, it is not advisable to structure the planning policies based on
this "black box" approach. To aveid a "garbage in-garbage out" situation,
it is necessary to describe the computer programs for suppiementing the
theoretical and practical development procedure of the model.

Another motivation of documenting the developed computer program is
related to the increased efficiency for further refining and modifying the
model within its capacity fegarding what it can do and what it cannot do etc.,
etc. In other words, with careful study of the computer programs it is easier

to decide whether a specific question can be answered by the model at other



similar locations. ConVerseTy, it is very frustrating when a systems analyst
or an engineer is given the taskrof making sense out of a complex computer
program without any written program dbcumentation. While developing some
parts of the operational water quantity model and tieing together previously
developed formulations with these parts; the authors have experienced the
foregoing points. This has encouraged the authors to document all the ten
computer programs encompassing the broad structure of the operational water

quantity model as outlined in Figure 1.

PURPOSES
In addition to the previously mentioned rationale for attempting to
document the computer programs, the following are specific purposes of
documenting the recently developed computer programs for the 19 planning units
of the Kissimmee River Basin (Figure 2). |
1.- To supplement the theoretical and practical develqpment of the model
described in a separate report (i.e., reference #é),
2. To présent all the coefficients, consfants and formulations as were
actually used in the computations,
3. To provide the eguipment description to run the program,
4, To explain in detail the manner in which inpuf-output data and the
program are written on cards, tapes and disks,
5. To present updated program 1istings for better understanding of
the computer logic and computational sequence.
6. To present the system 1imitations of the program,
7. To give information on the total number of memory locations and the
time used by the program. Such information can be useful in cases

where any additions or modifications are warranted.

-7 -
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i

8. To examine wide spectrums of variations of different parameters,
coefficients and formulations either to refine the model output
or to perform various sensitivity tests. _ |
9. To become familiar with the operating instructions to request the
programs to be run on the FCD computer facilitj (if required).
10. To present sequentially all pieces of the overall operational water

quantity model as outlined in Figure 1.

A BRIEF DISCUSSION

It is to be noted that the development of the ten computer programs for
bringing the FCD operational water quantity model to its current Tevel occurred
in three sequential steps. The initial efforts were made by Lindaht, Storch,
Hamrick and Sinha during the period of 1967 to 1972 {1,2,3,4). As a result
of their investigations, the sub-basin model! was formulated and tested for
the Taylor Creek basin. After obtaining adequate correlation between the
simulated sub-basin output and the recorded discharges, the principles of the
sub-basin model were applied to the 19 planning units of the Kissimmee River
basin by Sinha, Hamrick, Khanal and Kiker (5,6). Several modifications were
made at that point in time to the original program. Since the middle of 1974,
the authors have been trying to complete the operational water quantity model
by developing the routing model, by modifying the previously developed sub-
basin model and tieing together the sub-basin model aﬁd routing model (7,8).

As can be seen from the ten program listings, thé model has attempted
to include real world complexities in light of several practical assumptions
approximations and simplifications. Although great care is instituted to
check the accuracies of all pieces of the model to every extent possible, it

is advisable for the users (outside the FCD) to fully understand the various



rationale behind the FCD operational wéter quantity model before any attempts
are made to apply or modify the model for other cases. Considering the nature
and complicated procedure incorporated in the model, the FCD does ndt guarantee
the wbrkabi]ity of the model to other drainage basins. It is to be fully
realized that the authors in their capacity are willing to extend their fullest
cooperation for modifying or applying their methodology to suit a specific
situation; however, the systems ana1yst in charge of developing a model for
his own specific area is soley responsible. for the outcome. In other words,
although the model coﬁers extensive aspects of watershed engineering, like
any other problem it is not a cure for all problems. It is hoped that descriptions
given in the following pages provide é balanced commentary about computerized
steps of the operational water quantity model so that b1iﬁd application of this
methodology to any ofher areas can be avdided. |

Effort was made to describe the computer programs in terms of program
description, format of input cards, tapes and disk files, sample data,
machine configuration, program limitations, operating instructions and program |
listing. It is to be notea that each program is stored in the FCD computer
system by the name and number associated with it. For example, DISCHEXT.
program was given a number of E096; STATEC program was given a number of E091
etc.,etc. With this numbering system, it is possible to use the program by
specifying the -number on the requisition and by fo]lowing the operating instruc-
tions for that program.

Since it is the first time the authors were able to piece together all
the operational water quantity model for the Kissimmee River basin, there is
Indeed a need to critically examine the computer programﬁ and theoretical
development of the model by other professionals. Any constructive comments

and suggestions are welcomed.
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PROGRAM DESCRIPTION

This program iS'paﬁf of a system of programs (Figure 1)
which deal with water quantity in the Kissimmee River Basin. The purpose
of this program is to build a disk file of state conditions for each of
19 distinct planning units (Figure 2}. The state conditions are a set of
parameters which specify for a particular point in time water quantity
conditions such as available storage in the soil (SA{1), SA{2), SA(3)),
volume of water in surface depressions (VD), infiltration rate (FRI), and
discharge rates for surface flow and runoff through various soil layers
(END(7,1) ~-=nsemn- END(4,6)}. . |

The disk file generated by this program is uti]ized'by program BASINMOD
(E094). BASINMOD uses these values as initial conditions and periodically

updates this file to reflect conditions at some later point in time.

INPUT CARDS

1. Card 1
Columns 1-5 Number of planning units - right adjusted
Columns 6-80 Unused |
2. Card.Z Among -the values punched on this card, the value of day

number requires some explanation. Since the program
assumes 31 days for each month (totalling 372 days for
the year), the'value of day number Ties between 0 and
371, day 0 being equivalent to December 31, 1 is Jan. 1
and 371 is Dec. 30. Depending up%n the leap and non-leap
year, there are 6 or 7 days that'dovnot exist. This is
important especially for choosing some intermediate day
as a starting point, Furthermore, it is to be noted

that the value of IT in this program has to match the

-8 -
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Columns 1-3

*

Columns 4-15

*

Columns 16-24
* Columns 25-33
* Columns 34-42

*»

Columns 43-47

*

Columns 48-56

value of ISDAY in BASINMOD program (E094).
Day number - right adjusted

Unused

Available storage in layer 1 in inches
Available storage in layer 2 in inches
Available storage in 1ayer 3 in inches,
Infiltration rate in inches per 12 minutes

Volume in surface depressions in inches

* VYalue must include a decimal point.

3. Card 3 and 4

**Columns 1-6

**Columns 7-12

**Columns 13-18

**Columns 19-24

**Columns 25-48

These two cards contain twenty-four routed discharges

for planning unit 1. L

END(],])& routed discharge value for the first reservoir
of layer 1.

END(2,1): routed discharge value for the first reservoir

of layer 2. '

END(3,1): routed discharge value for the first reservoir
of layer 3.

END(4,1): routed discharge value for the first reservoir
of overland flow; however, since the overland flow does

not pass through a three layered soil system, it is not
cascaded. Therefore, all the initial routed discharge
values for overland flow are zero. i.e. END{4,1), END{4,2),
END(4,3), END(4,4), END(4,5) and END(4,6) are all zero.
END(1,2), END{2,2}, END(3,2), END{4,2): Four routed discharges
for four types of layers (as described above)from their

second reservoir



**Columns 43-72

Card 4

1

10,
11.
12.
13,
14,
18,
16.

Columns 1-24

Columns 25-48

Columns 49-72

Cards

Cards
Cards

Cards

Cards

Cards
Cards
Cards
Cards
Cards
Cards
Cards

Cards

8-10
11-13
14-16
17-19
20-22
23-25
26-28
29-31
32-34
35-37
38-40
41-43

Four routed discharges for four types of layers from their

third reservoir

END{1,4), END(2,4), END(3,4), END(4,4): Four routed
discharges for four types of layers from their fourth
reservoir |
END(1,5), END(2,5), END(3,5), END(4,5): Four routed
discharges for four types of layers from their fifth
reservoir

END(1,6), END{(2,6), END(3,6), END(4,6): Four routed
diécharges for four types of iayers from their sixth
reservoir

These three cards contain values for the above parameters
for planning unit 2

Values for planning unit 3

Values for planning unit 4

1 H " 1} 5

1] ' 1 [} It ) 6

L B T + - B

nooow R
weoow "2
"o Rk
nom " 14
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17. Cards 44-46 Values for planning unit 15
18, Cards 47-49) " " " "6
19. Cards 50-52 " " " "7
20. Cards 53-55 " " " " 18
21. Cards 56-58 " Y " " 19
Please note that cards 5-58 have the same format and same number of
parameters that are described for card numbérs 2, 3 and 4 for planning
unit 1. This point can be seen from the sample data section.
FILE FORMAT
The STATEC program requires one disk file wi}h'the following details:
File Description: STATE CONDITIONS |
Logical Unit: 22
Record Length: 59 words
Blocking factor: 2
Disk File Formats:
Each record of disk file 22 has the following format:

Word 1: Day number from input card 2 (integer)

~ Words 2 and 3 Corresponds to SA(1)",

Words 4 and 5 Corresponds to SA(Z)‘(feal)

Words 6 and 7 Corresponds to SA(3) (real)

Words 8 and 9 Corresponds to FR1 (real)

Words 10 and 11 Corresponds to VD {real)

Words 12 to 59 (total 48 wordé): corresponds to 24 routed discharges
for one planning unit i.e. END(1,1)

*
through END (4,6)

-1 -



It is to be noted that the program writes five records with exactly the
same values of SA, FRI, VD and END for each planning unit. This duplication
of the record is an initialization process which allows the BASINMOD program
(E094) to save the updated stafe conditions for up to five selected days
of the year,.

The order of records in this file is as follows:

5 records for planning unit 1

5 n (1] 1) 1] 2

5 records for planning unit 19

. MACHINE CONFIGURATION

The following equipment is required to run this program:
CDC 3100 computer (program requires 5K+ operating system).
1 405 ASCII card reader

2 854 Disk Drives (including the system disk)

1 Tline printer

PROGRAM L IMITATIONS

1. This program is designed to handle state conditions for the 19 planning

units of the Kissimmee basin.

2. The state conditions that are read in are estimated for a three layer
s0i1 system and it is assumed that water movement through each layer

occurs in six cascades.

._.‘-!2 -




OPERATING INSTRUCTIONS
——=22 I RUCTIONS

Program Numbep: £E091 : _ Programmer: payl Berger
Ashok N. Shahane

Purpose: . To 9enerate a disk file of state conditions to be used in sub-basin

model for the Kissimmee Rfver Basin,

DISK Required: 6000

Control Cards: $J08B, 8430-305, E091, 2
$RONL, 854/6000
$FET, £091, STATEC, 960
$OPEN, 25
$FET, NATERPLN, STATE CONDITIONS, 512
$OPEN, 22 .

* $LOAD, 25
$RUN
Insert card input here

Card Input: 1 card with total number of planning units punched in first
five columns
57 cards (3 cards for each of the 19 planning units: first
card has ten values, second and third cards have twelve
values each)

Operating Instructions:
No input tape and no output tape, the generated disk-fije
is Stored on disk 6000, .

Error Stops: Nonhe

Timing: 2 minutes
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PROGRAM LISTING

CNSY v3.13 - MSDS vs,.0 09717775
STATFC DFECk/ T=01.L
PROGRAM STAYEC
NIMENSTON - o SA(D e ENDLGAY e TALS59) . IRIUF{123)

FOUIVGLFNCF (17, TACEY) s (SACLYTA(D)) (FRES«IA(BYY s (wDeIA{10)).
FIENDTAL]2))

PEAD (FD3D) NSUR

CALL FNPFEN {IQUF--2?05992)

DO 20 w=1.NSUR r
READ (AR0+4N) ITeSAFR]I +VNR+END

NN 20 1=1.5 )

IK = Se(K=-1)+1

CALL FOUT (1BUFsTA«Iw)
20 . COMTINUFE

CALL FCLOSE (TRUF)

CaLL FExIT

10 FORMAT ([5)

41 FOOMAT I3, TZX 3F9.0+F5.04F9.0/12F6, N712FA.0)
END .
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PROGRAM DESCRIPTION FOR THE BASPAR PROGRAM (E092)
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PROGRAM DESCRIPTION

This program is part of an overall water quantity model developed for the
Kissimmee River system as shown in figure 1. The basic purpose of the
Program is to build a disk file of basin parameters for each of 19 planning
units which are depicted in Figure 2. Essentially the basin parameters
represent the agricultural - related water characterstics of the basins and
are related to

a, Total available storage in three soil layers (i.e. TAS(1),
TAS(2) and TAS(3)).

b. Constant rates of infiltration in three layered soil systems.
from one layer to another (designated as F(1), F(2) and F(3)).

¢. Total amount of gravitational water (G) in these three layers
({.e. G(1), G(2) and G(3)).

d. Portion of G that can be drawn into surface water (i.e. 6DQ1),
GD(2) and GD(3)).

e. Total depth of the soil profile (D) in inches.

f. Depth of water table at which evaporative water loss is considered
significant (DWTM).

g. Maximum volume of surface storage (VDM). .

h. Sub-surface discharges through three soil layers (Q(l), Q{2) and

1. Corresponding storages in three soil reservoirs (sG(1), 5G(2)
and SG(3)). '

j. Routing coefficients to combine flows from three sub-surface layers
with the overland flow (TK(1), TK(2), TK(3), TK(4)),

k., Number of cascades in layer 1 (CNR(1))

These parameters are estimated primarily from the available research publications
of the Agricultural Research Service.

The disk file generated by this program 1s utilized by program BASINMOD (E094)
as shown in Figure 1.~
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10.

Card 1

Columns
Columts

Card 2

Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns

Card 23

Columns
Columns
Columns
Columns
Columus
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns

1-5

6-10
11-15
16-20
21-25
26-30
31-35
36-40
41-45
4650
31-55
56-60
61-65
6670
71-75
76-80

1-5

6-10
11-15
16-20
21-25
26-30
31-35

36-40

41-45
46-50
51-55
56-60
61-65

INPUT CARDS

Number of pianning units

Unused

TAS (1) *

F(1) for
G(1) for
GD(1) for
Q1) for
TAS(2) for
F(2) for
G(2) for
“GD(2} for
Q(2) for
TAS(3) for
F(3) for
G(3) for
GD(3) for
Q(3) for
D for
SG(1) for
' 8G(2) for
SG(3) for
DWTM for
VDM for
CNR{1) for
TK(1) for
CNR(2) for
TK(2) for
CNR(3) for
TK{3) for
CNR(4) for
TK(4) for

planning

planning
planning
planning
planning
planning
planning
planning
planning
planning
planning
planning
planning
planning
planning

planning

unit
unit
unit
unit
unit
unit
unit
unit
ynit
unit
unit
unit
unit
unit
unit

unit

planning unit
planning unit
planning unit

planning

unit

planning unit

planning

unit

planning unit
planning unit

planning
planning

unit
unit

planning unit

planning

* Notations are defined earlier,

Cards 4-5

Cards 6-7
Cards 8-9
dards 10-11
Cards 12-13
Cards 14-15

Cards 16-17

unit

These two cards contain values
for planning unit 2.

Values for planning unit

Values

Values

Values

Values

Values

for planning unit

3

4

for planning unit 5

for planning unit

for planning unit

for planning uhit
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11. Cards 18-19 Values for planning unit 9

12, cards 20-21 Values for planning unit 10
13. cards 22-23 Values for pPlanning unit 1]
14, Cards 24-25 Values for planning unit 12
15, cards 26-27 Values for planning unit 13
16, Cards 28-29 Values for planning unit 14
17. Cards 30-31 Values for planning unit 15
18. cards 32-33 Values for planning unit 16
19. Cards 34-35 Values for planning unit 17
20. cCcards 36-37 Values for planning uynit 18
21, Cards 38-39 Values for,planning unit 19

It is to be noted that the same format and same number of parameters that are
described for card numbers 2 and 3 of planning unit 1 are valid for the other

18 planning units. This point can be further seen from the sample data section.
FILE FORMAT

The BASPAR program requires one disk file with the following details:
File description : BASIN PARAMETERS
Logical unit : 23 :
Record length : 58
Blocking Factor HE

Disk File Formats (all parameters are double word real)
Words 1 and 2 corresponds to TAS(1).
Words 3 and ¢4 corresponds to TAS(2)
Words 5 and 6 corresponds to TAS(3)
Words 7 and 8 torresponds to F(1)
Words 9 and 10 corresponds to F(2)
Words 11 and 12 corresponds to F(3)
Words 13 and 14 corresponds to G(1)
Words 15 and 16 corresponds to G(2)
Words 17 and 18 corresponds to G(3)
Words 19 and 20 corresponds to GD(1)
Words 21 and 22 corresponds to GD(2)
Words 23 and 24 corresponds to GD(3)
Words 25 and 26 corresponds to (1)
Words 27 and 28 corresponds to Q{2)
Words 29 and 30 corresponds to Q(3)
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Words 31 and 32 corresponds to SG(1)
Words 33 and 34 corresponds to SG(2)
Words 35 and 36 corresponds to 5G(3)
Words 37 and 38 corresponds to D -
Words 39 and 40 corresponds to DWTM
Words 41 and 42 corresponds to VDM
Words 43 and 44 corresponds to CNR{1)
Words 45 and 46 corresponds to CNR(2)
Words 47 and 48 corresponds to CNR(3) -
~Words 49 and 50 corresponds to GNR(4)
Words 51. and 52 corresponds to TK(1)
Words 53 and 54 corresponds to TK(2)
Words 55 and 56 corresponds to TK(3)
Words 57 and 58 corresponds to TK(4)

Next record with 58 words relates to the planning unit 2, Thus, there are
19 records (with 58 words in each record) for each of 19 planning units.

MACHINE CONFIGURATION

The following equipment is required to run this pProgram.

CDC 3100 computer (program requires 5Kplus the operating system)

1 405 ASCII- card reader
2 854 disk drives (including the system disk)

PROGRAM LIMITATIONS

l. This program is based on the derived basin-parameters for the 19 planning
units of the Kissimmee basin, The applicability of these parameters to
the other water systems with no available data 1s 1limited. '

2, Although basin-parameters are originally obtained for three layers soil
system, the program considers the soil profile as a one layer and thus
the basin-parameters are accordingly modified for one layer soll system.




PROGRAM E092

PURPOSE;

DISK:

CONTROL CARDS:

CARD INPUT:

OPERATING

INSTRUCTIONS:

ERROR S10PS:

TEMING:

PROGRAMMER: Paul Berger
Ashok N, Shahane

To generate a disk file of basin parameters to be used for
the Kissimmee River Basin,

6000

$JOB, 8430-305,E092,2, ,, _ EQ92
SRONL, 854/6000

$FET,E092,BASPAR, 960

SOPEN, 25

SFET,WATERPLN ,BASIN PARAMETERS,512
SOPEN, 23

$LOAD, 25

SRUN

Insert card input here

1 card with total numbey of planning units punched in first
five columns. 38 cards (2 cards for each of the 19 planning

units; First card has sixteen valies and second card has
thirteen values) :

No input tape and no output tape, the generated disk file
is stored on disk 6000,

None

2 minutes.
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PROGRAM LISTING

£NSY V3,3 - MSOS V5.0 09/17/7S5
BASPAR NE e / 1=G1.L

10N

20
10

PROGIPAL BASPAR

DIMENSTON TAS{3Ye F{1)y GI(3)s GN{IYe D3} SG(3)
DIMINSTON TAUF (1211« TA{SA)} )
FOUIVALFMCE {TASCIY o TA{L)Y ) s (F (1) eTAlLT))Ye (GU])TIA
O e (OC1)TAL2S) Yy (SOELYCTA{RTY Y (DTALTIT) )
%(VDM-IA(hl)l' (CMNRO1Y+TA(O43Y )y (TK(1)+T1A(S51))

READ (60+20) NSUR

CCALL FoPEN (TRUF «=21.5842)

DO 10 K= «HSUR

READ (A0 {TAS(TY «F (1) aBUTYariDITYoN(I) 12143} 4D
READ (AD430) SGaDWTMA VDM (CNR{TYaTi (1) o T=]44)

CALL FPUT (IBIFTAK)

COMTINIIE

CAILL FrLLOSE (1RUF)

CALL FXIT

FORMAT (%)

FORMAT (1A6FS5,.0)
FND :

- 23 -
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PROGRAM DESCRIPTION FOR THE RAINFALL PROGRAM (E093)
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PROGRAHM DLSCRIPTION

The relative position of the rainfall program in the overall water quantity
mode! is depicted in Figure 1. The main purposes of the program are;

1. To convert daily values of rainfall for a one year period to the
hourly values using the appropriate probability theory, and

2. To generate a disk file of rainfall at every ‘12 minutes for each of
the 19 planning units of the Kissimmee basin as shown in Figure 2.

The computational procedure first deals with the processing of the "read in"
daily rainfall values in terms of their amounts and persistency classes. The
corresponding regression coefficients and random numbers are then used to
convert daily values into the hourly values. These hourly values are stored
in the disk file which is subseqgently utilized by the program BASINMOD (E094) .

MACHINE CONFIGURATION

The following equipment is required to run the program:

T: CDC 3100 computer (program requires 18 K plus  the operating system).
1 405 ASCII card reader
¢ 854 disk drives (including the system disk)
1 Tine printer

PROGRAM LIMITATIONS

1. This program is largely geared to the conditional probabilities which are
estimated using four persistency classes and ten rainfall amount classification:
as reported in reference No. 14.

2. Regression cofficients that are used in the stochastic rainfall synthesis
: are derjved by analyzing 18 years historica]ihour1y rainfall data recorded

at Kissimmee II raingaging station.
3. The stochastic methodotogy of decomposing the dai]y values into hourly values

uses gaussian distribution for generating random numbers and the program is
designed to decompose daily rainfall values to hourly values only.
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INPUT CARDS

1. Card 1
CoTumns 1-5 IX Number used in generating random number -
' right adjusted. '
Columns 6-10 IST Number of planning units to be processed-
right adjusted.
Columns 11-15 IYR Year of rainfall data - 4 digits - right
adjusted.
Columns 16-79 Unused '
CoTumns 80 IBUG  An identifier {with a value of either one
or blank) to print-out intermediate results
(if required).
2. Card 2 There are 16 values of conditional probabilities with five
co]um?s allocated for each value {values must contain a decimal -
point)}. '

3. Cards 3-60 These cards have the remaining {960-16) values of conditional
prob;bi]ities with exactly the same format as Card 2.

* It is to be noted that the first 24 values are hourly probabilities for
persistence of Class 1 and for rainfall amount classification 1; next
24 vaTues represent hourlyprobabilities for persistence Class 1 and for
rainfall classification 2 and so on. Thus, the first 240 values are
hourly probabilities for the first persistence class and for ten rainfall
amount classifications. Similarly, 240 values for each of the next three
persistence classes are read in making total values to 960. For a more
detailed explanation of persistency class and rainfall amount classification,
the reader is advised to refer to reference No. 14,

4. Card 61 This card has 20 values of daily rainfall with 4 columns for
each value (values must contain a decimal point). The values
correspond to dates Jan. 1 to Jan. 20.

5. Cards 62-79 These cards contain daily values of rainfall from January 21
to December 31 totaling 346 values. These values have the
same format as the values on Card 61. Please note that the
values on cards 61-79 have daily rainfall values for planning

unit 1.
6. Cards 80-98 Daily rainfall values for planping unit 2
7. Cards 99-117 Daily rainfall values for planning unit 3
8. Cards 118-136 Daily rainfall values for planning unit 4
9. Cards 137-155 Daily rainfall values for planning unit 5
10. Cards 156-174 Daily rainfall values for planning unit 6

11. Cards 175-193 Daily rainfall values for planning unit 7
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12. Cards 194-212 Daily rainfall values for planning unit 8

13. Cards 213-231 Daily rainfall values for planning unit 9

14. Cards 232-250 Paily rainfall values for planning unit 10
15. Cards 251-269 Dai1& rainfall values for planning unit 1
16. Cards 270-288 Daily rainfall values for planning unit 12
17. Cards 289-307 Daily rainfall values for planning unit 13
18. Cards 308-326 Daily rainfall values for planning unit 14
19. Cards 327-345 Daily rainfall values for planning unit 15
20. Cards 346-364 Daily rainfall values for'p1ann%ng unit 16
21. Cards 365-383 Daily rainfall values for planning unit 17
22. Cards 384-402 Daily rainfall values"“for planning unit 18
23. Cards 403-421 ~ Daily rainfall values for planning unit 19

FILE FORMAT
Each record of disk file 21 has 24 words with each word representing an integer
value of hourly rainfall in inches scaled up by 10%. There are 366 records
per sub-basin {one record per day) totalling 6,954 records for 19 planning units.
The order of records is as follows:
Hourly rainfall record per day 1 for sub-basin 1

Hour‘i‘y u 1} It n 2 ] n }

1] ] It It n 3 " ] '!

Hourly rainfall value of day 366 for sub-basin 1
Hourly rainfall value of day 1 for sub-basin 2
Hourly rainfall value of day 366 for sub-basin 2
Order is continued likewise for all the 19 planning units.
Records are located on disk according to the following formula:
Record number = 366 (planning unit 1) + Day Number
where planning unit = 1 to 19 :
day number = 1 to 366.
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P . o o e =29 e S
oo ) . SAMPLE DATA . : : '
: " (960 values of conditional probabilities)
161, 19 1970 . S S . 1
SPOALN22 LB nhh T30/ 118 16T L173 205 L2604 333 L2382 ,460 ,515 60
(9B LTRE LR 0G0 029 (050 965) 006 L005 L G0e 007 008 010,026 050 ,pAq
<125 ..170 L2065 (241 L2 L1367 4ud 5%y «RHS5 U737 799 854 894,934 9Ta1 L0010
-0 « 0 LI R S B S TUREE I - A J171 208 L0275 ,33% 402 LAR9 521 603 « AR
L7465 LRZ0 ,A72 L9137 I62 £9841,0031,000 .0 «005 L0116 L0033 050 .pA7 «DR4 10
127 L1561 G187 213 ,248% .60 499 «H12 797 ,78% ,3732 ,R75 .909 952 J9781.00¢
LOLG L0330 ,03]) L33 ,635 L3703 oLy g LN 070 LS L2002 P83 34g %L
«S37 L6579 [THL L33 Yay 974 JIAALLORE 025 L gan LOART7  Jgan 100,125 159 L3800
o201 .222 2254 367 U363 L4200 5090 BN ERD LTRS84S5 L RGH <921 1959 (940,900
0 0 . LON7 L0220 a5 077 105 0160 175 210 267 L3331 L3RA] 457 .54
SALT RIA JTTS Ry ans L9311 .2591,000 Lans 015 025 ,041 .069 L0955 L1132 L1Aaw
<201 L 246,237 3S] 432 597 .57] .a3p L7095 775 LB29 838,920 .947 V631,000
<012 038 072 107 144 18 L22R 284,312 L3490 L 384 U020 Land (469 504 577
637 LA9T7 LTTN LA1A L8R4 .02 L9331, 000 D15 Jhea (0B5 124 <139 154 177 .21+
s237 276,307 104 G0l Jaha 527 590 A9 L T4: ,BO3 LA58 +BRY ,928 ,9591 .00
<079 L1452 193 ,244 <258 ,269 (283 ,339 L4100 ,4R5 [ S5)4 -59R L6338 (697 ,7H0 ,79-
«A38 JRTA L9048 L9134 976 .933 ,4Y971.4900 L0957 L1272y 172 L2233 242 254 (273 .31
369 042% 476 .503 552 L,A1H LA3A <762 .819. .880 ,92] «960 4959 ,9781.0001.000
021 042 074,099 113 L34 170 ,2u6 L2113 .240 « 300 .35) ,409 481,561 .61
« 727 LRO7 LRSS, nAa7 L9734 LI811.0001.000 S 90S1 L1022 147 179, ,2)) .243 ,28]1 ,304
<315 ,343 .339 429 484 «551 ..519. ,702 ,7AS <342 375 ,907 ,939 P64 ,9709) oy
«021 .0%6 N9 14 J170 L1191 L2005 «26C ,72A8 «333 .324 .3%9 423 J4RB7 587 ,659
« 754 JRIR JRR2 912 .u3a HoA .9%71.000;.0h0 089,126 ,152 ,185 211 231 .27
«297 .323 .355 ,anp e L4388 ,S5A1_.674 « 767 SA3 LHT79 9] <952 .978 ,94841.000
2034 ,047 000,040 L0007, 127 140 1e7 194 229 276 3724 407 504 ,568 ,A5¢
JT46 (RIS ATT 21 «931 ,9%8 ,9711.900 L022 L04Rr 070 L1100 130 ,169 ,204 .24n
296 W33% L374 425 +492 .553 ,632 ,71) 777 R4 900 .948 .961 969 L9821.000
£037.076 ,092 110 147 134 ,22]| .25a +295 .332 .369 ,424 ,698 ,590 682 £793
«867 922 L9490 L9580 ,9771.000).0 1.0 048,096 L152 ,216 .280 ,328 360 +392
632,472 512 L8552 608 LARKG L2879 ,868".880".896q.920_,936_J9§0‘;984L.000
«00% L0099 013 ,nqa D15 L0917 026 L0049 058 L,0R] .095 ,113 <159 220 .295 .360
+453 J5R9 (682 76h ,B22 . upy L9101.,0 012,031 .034 ,037 ,043 ,075 .037 L1112
131 143 (162 ,194 ,219 .”33 L3664 4R2 552 .610 .66]1 T4 821,891 ,9421.000
D07 ,022 937 a4 LO51 ,355% ,058 L0065 LG80 ,095 ,125 ,179 231,292 ,353 .421
2504 f.h6] 717 .735 ,Rp] +H068 9591,000 .0 LAN1lr L0386 ,054 .057 L0600 ,063 ,08)
«090 .193 117 .153 198 243 ,315 ,414 «513 LSRG .657 ,747 <828 /873 ,93s]1,0

)] « 0 0 N 3 . N 012 .9024 030 .03~ L0483 ,097 .158 + 256 L3367 L4404
564 L6570 TR0 A3 LAY a9, N P 006 008 L0010 L0172 016 .030..044 L0050
077 11D 150 L2199 2] #I52 L442 (531 695 J674 743 JA22 906 .955 «9901 .0
0 L007 Jula 2N 049 L7 L0091 L1119 162 212 240 .283 319 391 L4666 ,Sa;
A1 JTIS L7994 951 ,aa7 P30 9661 .00C LL06 L0122 LU24 L0356 042 060 J0RS 110
o141 JIT7H L2070 [Pu7 274 « 353 ,434 ,515 L5103 «HAR JTT2- LBLT ,909 959 9801.0
2021 L0422 DAY a4 L 195 15 125 146 ,167 .la:z <269 230 .251 294 e 359 L a%y
566 LABY L7448 213 L H43G  HA4n «931t.0 LNY7 L02n (051 ,077 111 C1A5 L1719 213
fR4T 290,362 an2 430 %4y A0 CATR (T33 .78 B4l RK4 L4910 LQua HT0LLG

CW03T 0%R GTu L GRA L0RT | a99 D94 L1311k 214 L2664 | 3pR L3392 458 %31 .hl7
«h72 LT61 (841 921,937 Q47 95710 LN05 L01¢ L0115 Lc26 03] L0480 077 118
SETL G183 217 270 L3077 .82 L4677 <STB L655 .79) LHA9 938 963 953 ,9731.000
L08R L0455 072,281 .04p LN99 104 L1y8 L1135 152 L1806 207 241 306,396 ,a77
567 L7031 ,R12 ,2haAa _RY3 <920 L9561.06 043 074,105 135 L1187 204 ,23%5 260
fFT2 290 .08 L5 L 37, 432 519 «HUD LBR2 L T4O .41 SRAL LR49 (9T7A (YKS] .0
<011 L0222 .025 ,4PA 031 .6313 <046 LGS5 ,066 .077 L11] .156 .190 250,348 48y
«S9T 733 L8136 903,937 <971 09421 .0 021 0937 L,053 L0s9 079 , 095 J111 Li27
o128 L1RO 206 270 L3 4] L4B8 858 /33 ,hQ7 L7166 JH6H LR83 904 «7631.000
025 LU50 062 ,ran )11 <123 J141 ,159 184 215 + 292 308 384 401 679 + 571
cABS L7385 (RAA _pAs 322 953 ,9651.,.9 .«016 037 047 .0S57 062 067 ,072 L0848
106 .12% W14l 173 227 L1073 -390 494 [S59R 717 .789 .R43 LRAA 918 L,945]1.,0
D21 05A JBRG L1213 1% SIBEQ U217 .259 L2944 315 L343 <364 399 434 .51

Ea AN al e S T BN -



Sample Data (continued)

Daily rainfall values for two illustrative plahning units

e e e e e e e e

e e Tt e SR Aecaly b e il L R i e L -

’ : . t
0.050.900.120.00ﬁ.000.500.600.000.000.000.000.000.000.000.000.500.%00-000.000.
G.OUO.COO.UUU.000.000.000.000.000.000.000.000.001.900.150.050.000.000.000.000.
G.OOO.UUO.DGO.DO0.000.000.500-000-000.000.000.000.000.000.000-000-2@0-000.000.
0.000.900.600.93”.550.000.000.000.00}.100.000.000.000.000.000.000;000.000.000.
0.100.000.001.000.?O0.000.000.000.DGO.CO0.000.000.000}500.100.000.000-000.000.
0.000.300.000.COﬂ.UUO.000.ﬂnO.000.000.000.000.000.0&0.000.000.000;0001000.000.
O.HOO.ﬂﬂﬂ.OOﬁ.000.000.000.000.000.000.000.000.090.000.000.900.0U0.000.000.000.
G.nOU.UOU.UﬁG.O?ﬂ.UOO.CGO.GOI-OHI.100.000.000-000.000-000-000.600-000-000.000.
O.HO0.000.000.000.000.000.000.000-000.000.000.000.001.201.000.001.000-SOI.EOIJ
0.000.UO0.00G.UU0.0U0.0UO.DU0.000.000.001.000.500.501.350.000.000.000-OO0.000J
0-000-TSO.JHU.HBH.OOC.OCU.DﬂU.000.000.000.UUO.UOO.DU0.0UO-OOO-OO]oJPO-OO0.000J
U.OOO.HUU.UUU.SUU.000.0”0.000.OUO.OOO.UOO.OOU.QOO;OOU-OOO.IOO.ODO.GOO-OOO-ASO-C
0.000.000.000.000.000.UO0.000.AHU.DOQ.OH0.000.000.000.000.000;900.000.000.200.]
U.OOO.CO0.0UO.GDW.000.000.030.110.000.000.000.100.200.000.000.000.060.000.000.(
O.OUO.GOO.UCO.HOH.UGO.OOU.QDO.3?0.000.350.ﬂOO.ASO.OUO.OUI.ICO.OOU.OOO-DCO.DCODC
0.%50.000.SUO.UO0.000.0G0.000.000.000.000.0GO.UGO.GU0.0U0.000.000.000.000.lﬁ0.0
U.OOO.CDO-bOJ.GOG.000.000-000.ICO-000-CO0.00U.OOO.GO0.000.000.000.000-000-000.0
0.000.HOU.GOG.OOH.OGD.000.0G0.000.000.000.300.000.900.000.000.000.000-000.000.S
C.ﬂﬂO.GCD.Uﬂﬂ.Oﬂ”.7ﬁﬂ.Uﬂ . '
U.OSO,?HI.BQO.DUU.OHI.540.3001000.000.000.OOO.UUO.UUO.OOO.BOO.120.000-000.000.0
U.OU0.000.UDP.PO).GHO.CO0.050.000.000.000.000.00[.363.550.000.000.110.090.000.1
0.000.OCO.OCO.HC“.000.070.950.2?0.UUOJUUO.OCO.900.000.000.000-230.000.000{000.0
O.DUU.POO.OUI.L”J.000.330.??0.UQU.OUU.QAG.UOO}O10.0003000.000.000.000-000.000.0
”.OSU.COO.HOQ.&OC.QSO.OEO.QHO.OOO.UGO.GDO.000.470.000.040.“60.000.000-OOO.OOO.U

.DUO.JQU.UUU.CGQ.GCD.OOO.Q“S.OGO.DOO.UOC.UUU.UUO.OOO.OOO.OOO.OOO.000.000.000.0
J.OUC.OUO.be.009.UGU-UUD-370-9?0.000.000.GUU.UU0.0C0.0UO.GO0.0UOoOOC-OO0.0CO.m
U.OHO.DﬁO.UOI.EGH.EJO.UOU.DQI.7¢0.QHG.EOO.DUO-PSU.UG0.0UO.730.000-000-%20.000.m
G.UHO.GG0.0HO.ﬂUH.EQD.GUO.GGO.DPO.JUO.UCC.OO0.000.000.090.091.000.1R0.U%1.570.0(
U.OOC.GDG.UUG.ﬁIC.000.300MGQG-GOO.JIG.GOO.120.001.550.360.520.170.000.000.380.0(
ﬁ.]60.“80.aﬂﬂ.Oh?.UOO.ﬂUO.C“0.0ﬂl.U?U.DGU.UOO.U}0.00U.OUO.UO0.001.]OO-GOG-EI0.0F
O.ﬂDO.?&”.”UU.aRW.QI0.0UO.QJU.OHU.lUO.Z#0.000.U&O.S@U.OOO-320-000.000.?11.120.2?
0.000.UUO.GUJQBOC.UDD.HIl.0l0.000.060.&00.0U0.00U.310-000.000.200-010-200.050.0(
G.OHO.QGU.ﬁGG.J?f.UﬂU.ﬂ“G.?ﬁ0.7UU.UCO.OGU.140.IGG.OOU.OOU.OOO.000.000.300.000.01
G.OlO.n?ﬁ.Gﬂﬁ.ﬁﬂﬁ.QCQ.OUU.H“G.OJO.GGO.GUO.UGO.]30.3fl.5%0.000.000.000,000.OOO.Oi
G.WJU.HGU.DGG.UGJ-GQU-OOO.U?0.0UG.UUU-GOG-UGO-LUO.JOO-OUO'OOO-OOG.QQO.GaO.130.00

] U.OUU.HUJ.OC“.COﬂ.DUU.UGU.ﬂ?ﬂ.OﬂU.ﬂ”O.LHG.UOO.UQU.OGO.UUU.OO0.000.000.000;000.00
ﬂ.oUO.UGﬂ.OnU.hUU.UUO.UOU.OGO.OCO.OOO.JFO.GOD.OGO.OCO.OUO.OOO.OOO.000.000.760.00
G.OOO.DGO.DJU.UQC.?J0.00 ‘e o : ' . :
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PROGRAM E093

PURPQSE

DISK:

CONTROL CARDS:

CARD INPUT:

OPERATING
INSTRUCTIONS:

ERROR STOPS:

TIMING:

PROGRAMMER:  Paul Berger
Ashok N. Shahane

To generate a disk file of hourly rainfall for 19 planning
units of the Kissimmee basin to be used in the subsequent
sub-basin model (E094).

6000

$J0B, 8430-305, E093, 20
$RONL, 85476000

$FET, E093, RAINFALL, 960
$OPEN, 3

$FET, WATERPLN, RAINFALL DATA, 1024
$OPEN, 21

$FET, RLS, AUX

$OPEN, 35, 1

$AUX, 35

$LOAD, 3, M

$RUN

Insert card input here

1 card with four values of IX, IST, IYR, IBUG

(IBUG optional) :

60 cards with 16 -sdditional probabilities per card
totalling 960 values o :

361 cards - every card has 20 values of daily rainfall,
f.e., first 19 cards have 365 daily:-values of rainfall

for a specific planning unit. Thus for 19 planning units
there are 361 cards with daily values for a one year period,

No input tape and: no output tape, the generated disk file
is stored on disk 6000. Aux. Tibrary to use subroutine
RANDU and GAUSS. '

Any error generates an appropriate message and the program
terminates, -

20 minutes to process one year data for 19 planning units.
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PUOGRAY PAT M AL
NSSARY 0 Syunn S

FREOD, . UISTORICAL PATMEALL FRFQUENMCY NATA FOR 24 HOUIPS, 10 RAINFALL
AUNUNMT CLASSTFICATIONS AND 4 PERSISTFNCY CLASSES.

HIPF AL o o COMBLITED HOURLY RAINFALL

JREAL . . COMPUTEN HOURLY RAINFALL # 10000

Jear s s dRATHFALL PERSISTENCY CLASS

FlaoesaoPATHEALL AMOUMT O ASS

PEALL ,oDATLY RATMEALL YALUFS

STH .. o oSUM OF COMPUTED HOURLY RAINFAMY FOR OME DAY

DIMENSTON FREDIF60Y, NST(1NYs RFALL(367)s CLOI0) s C2(10Ye HRFAL (F
LN .

NIMFNSTION CIE10)« TRFAL{24)Ys IMN(1I2)s IDATA(Z204+24)

NIMEMSTON NHUF (L45) .

DATA ((TMOCUIY«T=1212)=31+2Re31«30¢7] 9303131230031 «10311

DATA (C(DSTOI) e 1514 lMm0.1e0,2+40.3¢0,4¢0,5¢0,75401,0¢1.%5¢2.049.0)
DATA ((C1EE)aT=110)=,02644.048FR4,06A74.0R0340.,.11774+4.1755+,1465.,
S1AR2 . P005. . 24HRD) :

DATA ((C20I12T1=1+10) ==, 2020e=,284R 4=, 193R¢=-,2139¢~.2740+-,09404 -,
FOTN]a= , 031Ra=, 0AOT. 16149) ‘

NATA (LC3{TY e 151101 =,0256¢. 06774, 0A794,0964+,1163+.15541,]1923.,
F24314.1053,,4922) , .

RPEAD (A0«300) IXa1STIYRIRBUG

FF (IYR=-IYR/4L%4) 20410420

MODAY = 3AA+1

[N (2) = 24

6 TO

LAY = 3A%5+]

READ (AD2 310 (FRFO(I 1aL=1+960)

CALL FOPEM(NAIIF <21 424410}

NN 20 JKLL=1+15T

WRITF (613200 UKL

RPEALLLY) = .00

PEAM (A0« 3300 (RFALLCIDAY)Y s IDAY=2NNDAY)

DO 270 IDAY=2 MDAY

Sthd = n, 0 _

T (RFALLCIDAY)Y) PY0«4D+460

NN 5% | RC=2.725

HRFAL(LHCY = 0.00

D70 k=110

IF (RFALL{INAY)Y=DST(K}Y) ABO«B0+7N

CONT INIE ,
K o= 10
TF APFALLUIDAY=1)) 914904120 : « .
IF (RFALLCIDAY+1)) 100100110

J =01

GO TO 150

J =3 )

GO TO 150

IF (RFALL{(IDAY+1)) 1304130140

J o= 7 :

GO TH 150

Jo= 4

CALL PANDU (Ixa1Y«GFRFO)

IX = 1v

DY 1AD JHR=] « P65

HRFEAL ( JHR)Y = 6.0

L = (J=1)%2240+(K=})224-] -.32 -
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PROGRAM LISTING (continued)

170

180

199
200

210

220

A3
240

259
260
270
280
290
300
310
320

330
3ap

350

M) 170 JTHR=2425

{4 = |_+[HQ

[F (GFRFQ-FREQ(M)) 1R80+1804+170
COMTINUIE

[HR =

?S

NN 210 JHR=THR. 25 S
CALL AAUISS (IXal,0e0,.0aYFL)

HOFAL (HR) = CH{KY sC2 (KYSHPFAL (JHP =1} +FLECI(KI #0,50+9.,005
1F (HRPFALTJHRY Y 190200200

HRF AL (JHR)Y = n .00

Siiv =

SUM+HRF AL ( JHR)

TF (SHHU=RFALL (IDAYY)Y 21042304220
COMT ITMYE :

JHP =

25

HRFAL (. HHRY = HRFAL (JHRY + {RFALL (TDAY) =S1M)

Sl =

PEALLCEDAY) '

GO TN 230
HEFAL (JHRY = HRFAL LHR)Y = (SUM=REALL (TDAY)Y )

SIiM =

PEALL(TDAY)

I (SUM=0,0) 25042504240 ,
IF A(THUG.NF 1Y GO TN 730

WRITF
Yy PAG

(61340 IDAY S {HRFAL {1IHR) « IHR=2+2S} «SUMREALL(INAY)

[HR=2 25

IPFAIL{THR=1) = HRFAL (IHR)}*]10000.0

CONT [AIIF

CALL FrUT (NBUF s TRF AL «3668 (JKL-1)+NAY=1)
COMT THUF

CAaLt FOLOSE (MRUF)

COMT ITMUE

CallL FX1I7

WRITE

(61+350) JKL«(PFALL (L) s [=24MNNAY)

CaLl FxIT

FOPMAT
FNRMAT
FOPMAT
FOQMAT
FORMAT
FOPMAT
END

(31S«64Xa11)
{1AFS 4]

{1HY s THRASIM =.13}

(POF4 .Y

(2X e 2XaP4F G ,242X0F5,242X4F5,2)

(34HINFGATIVE RAINFALL VALUF FOR BASIN.I3//(1Xe20F5.3))
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PROGRAM DESCRIPTION FOR THE BASINMOD PROGRAM (E094)
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PROGRAM DESCRIPTION

This program is the heart of the sub-basin model where most of the hydrologic
computations are performed for 19 planning units of the Kissimmee River basin.
The relative position of the program is depicted in Figure 1. Figure 2 shows
19 planning units considered in the program.

The purpose of this program is to simulate hydrologic components such as surface
flows, subsurface flows, evaporative losses, storages in soils, depression
storages and watershed streamflows for each of the 19 planning units using
rainfall, state conditions and basin parameters as input.

The main program uses only one subroutine GIEP which computes the growth index
and pan evaporation using the developed trigonometric functions.

The output of the program is stored on two disks. As shown in Figure 1, the

disk 6000 stores cumulative values of generated hydrologic components which

are used subsequently to obtain printouts. The disk 6201 stores only streamflows
generated by the program and these streamflows are 'subsequently used in the
routing program.
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INPUT CARDS

1. Card 1 ' : :
Columns 1-4 IYR {simulation year)
Colyeng 5-74 Unysed
iy 22 1BUG fwith value of eizher 1 ov blank) to

print the intermediate results (if required).

2. Card 2 {Values must contain a decimal point).

Columns 1-8 Area of planning unit 1 in sq. miles.
Columns 9-16 " " " "2 1in sq. miles.
Columns 17-24 " " " " 3 nowv "
Columns 25-32 n n " O T "
Columns 33-40 " it T R T o
Columns 41-48 1 " n ] 6 " " "
Columns 49-56 wooooon n L L n
Columns 57-64 " " n mooog oo "
Cotumns 65-72 " " n ne g omow n
Coltumns 73-80 " n " U T L "

3. Card 3 (Values must contain a decimal point).
Columns 1-8 Area of planning unit 11 in sq. miles.
Cotumns 9-16 " " u uooqp e w "
Columns 17-24 " n " n 13 % I
Col umns 25-32 " " n H 14 % ¢ "
Columns 33-40 " n " " 15 v o "
Columns 41-48 - " " u noo1g o "
Columns 49-56 " " e " 17 v o "
Columns 57-64 " u n mooqg o "
Col umns 65-72 " fn " " 1g n "

4. Card 4 (A1l values are right adjusted)
CoTumns 1-4 ISAV(1) =1
Columns 5-8 ISAVC{2)* = 90
Columns 9-12 ISAV(3)* = 182
Columns 13-16 ISAV(4)}* = 274
Columns 17-20 ISAV(5)* = 365
*Five days for which state conditions are saved and printed as an intermediate
output.
Columns 21-24 ISDAY: Day number corresponding to day numbers of

saved state conditions from a previous run of

E094, or from the initial generation run of program
E091. When state conditions are from an EQ91 run,
this parameter should = 0.

Columns 25-28 NOD: Number of days for which simulation is to be

performed (normally = 372, one year assuming 31 days
per month). '
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Columns 29-32 NSUB:  Sub-basin (or planning unit number) 1 to 19

Columns 33-36 IDAY: Starting day number of simulation based on
_ a 372 day year (31 days per month), normally = 1.
Columns 37-40 LDAY: Ending day number of simulation based on a

372 day year (31 days per month), normally = 372.
One card type 4 must be present for each planning unit to be processed.

The last card type 4 must be followed by a blank card.
FILE FORMAT

The BASINMOD program requires three input disk files (i.e., state conditions, basin
parameters and rainfall) which -are described in the documentations for EQ91, EN92
and EN93. It is to be noted that among these three disk files, only the state
conditions file is updated in this program.

The program generates the following two disk files to store the output;

First Disk File:

File description: Cumulative values
Logical Unit: 24

Record Lenqgth: - 20 words

Blocking factor: 12

Disk File Format:
Each record of disk file 24 has the following format:

Cumulative daily rainfall in inches (NPR) - integer x100,

Word 1:
Word 2 and 3: Cumulative daily value of water recovered from soil reservoirs
(FO1} - real,
Word 4 and 5: Cumulative daily value of water in overland reservoir
(FQ2) - real, '
Word 6 and 7: Cumulative daily value of evaporation Joss (TLOSY),
Word 8 and 9: Cumulative daily value of transpiration loss (TLOS2)- real,
Word 10 and 11: - Currently available storage at the end of the day (SA5) - real,
Word 12 and 13: Cumulative daily value of deep percolation loss (TFC) - real,
Word 14 and 15: Depth of water in surface depression (VDDD) - real,
Word 16: Sub-basin number - Integer, _
Hord 17: Day number (MP) - integer, - .
Hord 18 and 19: Cumulative daily values of discharges in inches (QFINCH)
Word 20: Year of simulation - integer.

" Record Number = MOD X(NSUB-1). + day number
Where NOD = total number of days from input card #4

HSUB = sub-basin number
day number = 1 to 366
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File Description:  DISCHARGE DATA
Logical Unit: 20

Record Length: 20 words
Blocking Factor: 12

PDisk File Format:

Hord 1: Month number (IMO) - integer,

Word 2: Day number (IDY) - integer,

Hord 3: Last 2 digits of simulation year (year-1900) - integer,
Uord 4-11: Eight integer values of 3 hr. discharges in inches ?IQFIN)
Word 12: ‘ NPR* -

Word 13: NUSUB* 4

Hord 14: FQI* scaled up by 107 - ‘integer,

bjor.d ]5: FOZ* 1] n (1] i\ }]

Word 16: TLOS1* " " ton "

Word 17: TLOS2* ™ " e "

Word 18: SAG* toom oo !

Nord 19: TFC* " ! e "

Word 20: C¥DbDX v v W "

* Notations are defined earlier

The order of the record is given by the fo]]dwing formula
Record Number = (IYEAR-1)}* 7068 + (NSUB-1)* 372 + mp
Where  IYEAR: year of simulation - 1960

HSUB:  planning unit (or sub-basin) number (1 to 19)
MP: day number (1-372)

MACHINE CONFIGURATION

The following equipment configuration is required to run this program:

CDC 3100 computer (program requires 14K plus operating system),
1 405 ASCII card reader,

2 854 disk drives (disk 6000 and disk 6201),

1 lTine printer ' '

PROGRAM LIMITATIONS

pa—
.

The current program is designed to handle 19 planning units only.

2. The time step used in the program is 12 minutes. This means that all the
hydrologic components are generated at every 12 minutes.

3. The final steps of the programs convert 12 minute values to hourly and then
to 3 hourly values which are used in the routing model.

- 4. The generated output of BASINMOD is Targely based on the particular set of °

coefficients, known basin characteristics and the processed rainfall inputs.

It is to be noted that the application of the BASINMOD program to an unknown

drainage basin can be erroneous unless there js sufficient data to estimate

adequately the required parameters.

-~ 38 -



SAMPLE DATA

BRM

1970

60,5046 37.9062 57,6843 B, 6703 52,9312 1R5,6A40132.771819R,754689,2265 119.634¢
109.8500197.78R5197,7R9094,7044 150,80 229.7A 70.36 163.44 56,68 0.9

1 90 182 274 365 .0 372 1 . 1 372 .
1 90 182 274 365 0 372 2 1 372
1 90 182 274 365 0 372 3 1 372
.1 90 182 274 2365 . 0 372 4 .1 372... ..
1 90 182 274 365 0 372 5 1 372
1 90 182 274 365 0’372 4 1 372
1 90 182 274 365.. 0 372 .1 1 372..
1 90 182 274 365 0 372 A 1 372
1 90 182 274 355 0.372 9 1 372 .
1 90 182 274 365... 0 372 10 .. 1 372 - ... .. . -
1 90 182 274 355 0 372 11 1 372 :
1 90 182 274 365 0 372 12 1 372
1 9n 182 274 365.. 0 372 13 .1 372 -... - . -
1 90 1R2 274 365 0 372 1& 1 372 . .
1 90 182 274 365 0 372 15 1 372
1 90 1R2 P74 365 0 372 1a 1 372 -
I 90 182 274 365 0 372 17 1 372
1 90 182 274 365 0 372 1A 1 372
1 90 182 274 365 ' 0 372 19 1 372
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PROGRAM ED94 ‘ PROGRAMMER: Paul Berger
Ashqk M. Shahane

PURPQOSE: 1. To simulate hydrologic components for 19 planning units
from T to 10 years ?l year per run).
2. To generate two disk files with two types of simulated values
DISK: - 6000, 6201
CONTROL CARDS: $J0B, 8430-305, E094, 120
$ouMp

$RONL, 85476000 ‘
$FET, WATERPLN, RAINFALL DATA, 1024
$OPEN, 21 -

$FET, WATERPLN, STATE CONDITIONS, 512
$OPEN, 22 .
$FET, WATERPLN, BASIN PARAMETERS, 512
$0PEN, 23 o
$MSUTIL, 60
PURGE

SCOPE

$RRAT, 854/6000 . ,
$FET, WATERPLN, CUMULATIVE VALUES, 1024
SRELEASE, ALL

$ALLOCATE, 200, 991231

$OPEN, 24 .

S$RAT, 854/6000

$FET, BASINMOD, DISCHARGEDATA
$ALLOCATE, 1500, 991231

$OPEN, 20

$LOAD, 56, M

SRUN

Insert card input here

$EQUIP, 10 = MT

SMSUTIL

DUMP, 10, 20

END

CARD INPUT: One card indicating year and IBUG {optional),
2 cards with areas of 19 planning units,
T to 19 cards (each card giving 10 values for
each of up to 19 planning units).

OPERATING

INSTRUCTIONS: Tape Output: LUN 10 (Dump of BASINMOD, DISCHARGE DATA)
Disk file 24 is stored on disk 6000. Program E095 uses this
file and then releases it. Disk file 20 is stored on disk
3001 ‘and dumped to tape 10. Program E096 uses tape 10 as
input.

ERROR STOPS: 6 (five "error messages" and one "call-abnormal"statement),

TIMING: 2 hours,
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m~ PROGRAN LISTING

PRnnRA BASINMAD

- C GLNSSARY OF SYMAQOLS _
o A-~--VFGETAL CAVER [MNEX
G A mmee o A9 CONSTANTS F0OR COMVEY NG STORAGE INTO STAGF
~ 6 ARFA~-APFA FOR MTH SUR-RASIN(SNIART MI|LFS)
C HY Rl.,..RA CONSTANTS FOP CONVEYANCE AS A FIUMCTION NF WATER SURF, |
C CNP=-~ TOTAL NUMHER OF CASCADES TN AMY 0OF THE 4 RESERVAIRS
s C CONST AN INTEGFR USEN TO DIVINE STOPAGE VALUE T0O MAKF [T SMALL
¢ N== TOTAL DFPTH OF SUN=SURFACF PROFILE
C DIS  LENGTH OF CANAL REACH{FT)
~ r DPFE~- FXCESS PRECIPITATION FOR DELTAT
o NATM-=-= DEPTH TN FPEF WATER WHERE FVAPNRATION FROM THF SOTL SEASH:
C DX== LFNGTH OF SUR-RFACH
~ C END POUTFN VALUFS NF DISCHAPGF
C EP-- PAN EVAPORATION. WEFKLY VALUFS
C F-~ MOVEMENT QOF WATF® BETWEEN ILAYFRS
o C Fu-- ARRAY CONTAINING ALL VALUFES NF QVnL
C FOl--- CUMULATIVE DAILY VALUE OF WATER RECOVERED FROM SO
C PESERVAIR {IP TO THE NAY «MP ’
~ C FO2=~- CHMULATTIVE NATLY VALUE 0OF WATER IN OVERLAMD QFSFRVOIR
C TEXPRESSED TM INCHFS NVER THE ENTIRF WATFRSHED
C VR MaX. AMOUMT OF WATER THAT CAM RE STORED TN SHURFACF NFEPRFSS TN
[ & C VY. NEPTH OF waTFR IN SURFACE NFPPESSINN [N INCHES NDVFR THE WHOLF
' TK TIME COMSTANT COPRESPONDING TO FACH NF THE & PESFRYDIRS USFD |
C TLOS2  CUM VALUFE OF TRANSPIRATION 1 4SS UP TO THE NAY. MP
© C TLOS) CUM. DAILY VALLUE OF EVAPORATION 1LOSS UP TO THE DAY.Mp
C TG CUMULATIVE DATLY VALUF OF NEFD PERCOLATION LNSS (P 10 THE Nax
C TAS  TnT. AVATL. STORAGE IN A LAYEP OF SnUL, INCHFS 0F WATER
"~ C SURO  STREAMFLOW CONTRTBUTING TO ANY STRUGTUPRE: AT 6 HD INTERVALS
C 56 STORAGF. TNCHES. N PROFILF THAT CORRESPOMNS TO SFLECTED 0.9
C SAS  CUPRFNTLY AVATIABLE STORAGF [N SOTL PROFTLE AT THE END OF DAY
[ 2 ( SA AVATLARLE STORAGFIN SOIL e TNCHES 0OF WATER
€ NETT FIGHT VALUES 0F ROUTED RUMOFF EACH AT 3 HR INTERVALS FOR THI
C O-~~ PROFILE DISCHAPGF, [N/HR ‘
. o PPaN-- RATIOD nNF EPMAY/ ET MAX
C PC +~1 DEPEMNING ON WHETHER TF CoMPUTATION PROCFEDS UP OR NOAWN
¢ NSHBR-~= SUNM-BASTN ID MUMARFER=147.~--_19
"~ » NPR-== CUMULATIVF RAIMFALL TQ THE DAY smp
C MOD TOTAL NUMRER OF DAYS FOR WHICH RUN IS TO RE MADF
| C N ~mmem TOT. NUMBER OF .DAYS TO RE SKkIPPED FROM THFE RUN
« C LDAY—-~ ENDING DATE nF EXECUTION (JUL TAN)
C MR~~~ JIILTAN DAY NUMRFEP
C IT== DAYS OM WHICH STATE CONDITIONS ARF SAVED
¢ ¢ IsAy DAYS FOR WHICH 2400 HOUR VALUES WILL RE RETAIMED ON FILF (Jt
o IPREPR —— PRECIPITATION.VALUES o
C DAY=~ BEGINING DATF 0OF FEXFCUTINN _
¢ C G-~ THAT PORTION OF G WHICH wILL NDRAIN TO A SURFACE WATER BODY,
r Gl=- 6ROUTH IMDEX. WFFKLY VALUFS
C Go=~ AMOUNT OF FREF WATER IN A | AYFR WHFEN SATHRATED
¢ C 1P TN THE DAY WMP :
REAL LOSLaL0S?2eL0SITALOS2TLOSTL+LNAST2
DIMENSTON LOSE(3)e LNS2(3)s IRAS(3I0)e TAS(I)e F(3)e 63 GLI(3). @
{3 .
DIMENSTON SG(3)s CNR(4)e TK{4)s SA(I)s FNN(De4s6) ISAV(S5)Y e IPR(3/
%) .
A DIMENSTON PREI2D)s FOF () e S(3)s SLOP(3}s OVOL (3)s FO(12044) 4 NS
S{3ery} -
NTMENSTON OFTN(R), TNFIM(8)s 1SA(S). ARFA(P0). NFEL (7)Y
e BEMENSTON TRUF (1213 e TA(S8Ys JRUF(123) e JA(SO)« NRUF (245) s KBUF
R (2465)
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D.Sus,

lTa, 000
It 00N

1d.oen -

20.000
F2L.000

26,000

L aHh.0n0
2A.00n
30.0nn

Feyds EMD nF

08

UeSeSe DISCHAYGF  SToRARE

PV 1)
26,730
Ah.99Q
27.380
274950
PR.T30
£9.730)
31,010
324760

I 5YS 400 00s00,5¢0 ASHOKYG

N
25000,00%0
25000,000
25000.000
2%000.000
25000,000
25000.000
25000.,030
25000.000
25000.0090

149,889
512,524
790R,4q)
B8329,93%

RO 7,4 a
975,844
11484 ,7q90

14950,010
20512.470

182 r=

189

U

LR ST
s

%4

YR E R

Ty

L

RS W

R
¥ F
e oo
+ 8 # 4
+ ey
no o

ot agn

TR e

& o



re _ STAGE=DISCHAPGF =STONRGE VALUES FoR

C-38E
- ' D.5.5. UeSeSe  NISCHADPGE  STORAGE
. ﬁ'j,"

’f’-\ 5.001 5,000 SG.000 AD7?.955
7.000 7.000 50,000 Y9227,668

9.000 9,000 50,000 1040%,670

11,009 11.000 50,000 11620.900

13,000 13.000 50.000 12374,260

15,000 15,000 50,000 141aR,270

~ 17.000 17.000 <0.000 15592,7ap
' 19,001 19,000 50,000 17173.970
21,000 21.000 50,000 19175.340

~ 23.000  23.000  50.000 21974.570
25.000 25.000 30,000 264R7.430

5,000 5.420 3000.000 B8191.557

7.000 7.2790 3000.000 930%,787

9,090 9,200 3000.000 104A4.590

11.000 11.150  3000.000 116A4.450

-~ 13.000 13.110  3000,000 12909360
15,000 15.080 3000.009 16214.000

17.000 17,060  13900,000 156164420

- 19.000 19.050  3000.000 17193.330
21.000 21.0640  3000.000 19145.640

23.000 23.030 3000,000 21995.470

25,010 25.030 3009.000 26519,410

5.000 6.510 £000.000 B8511.R19

7.000 A.070 /000,000 9537.421

-~ 9.000 9,770 £000.000 106344490
,’ \ 11.009 11.560 €0006.000 11791,770
13,000 13.420 6000.000 1300A.940

-~ 15.000 15.320 6000,000 14290,890
’ 17.000 17.250  6000.000 15A79,.181

19,000 19,200 6000.000 17251.4130

21.000 21,170 6000,000 19206.470

23.000 23.140 £000.000 22058.170

25,000 25.130 A0N0.000 26622.620

g 5,000 7.930 Q000,000  H971.452
7.0090 9,170 S000.000 9884,311

9.000 10,610 9000.G00 10897.980

e 11.000 12.210  9000,000 11993,81]0
}3.000 13.920  9000,000 13164.309

: 15.000 IS.710  90N0.000 1441A.6730

- _ 17.000 17.550 9000.000 15736,920
19.000 19.440 9600.000 17347.500

21.900 21.380 S000.000 19307.420

r 23.000 23.310  9000.000 22162,710
25,000 25.310 9000.000 2AB21.120

5.000 9.470 12000.000 950A.540

r 7.000 10,640 12000.000 10310.310
9.000 11.630 12000.000 11233.950

11.000 13.020 12000.000 12758,500

13.000 14.560 12000.000 13374.760

B 15.000 16.220 12000000 14538,380

- 17.000 17.960 12000.000 15935.890
19,000 19,760 12000.000 174A1.410

21.000 21.660 12000.,000 19468 850

23.000 c3.540 120090.,000 22310.460

r 25,000 25.610 12000,000 27160, 340
5.009 11.000 15000.000 10080.950
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b

D.S.5.

7.000

3.000

11.000
13.000
15.000
17.000
~ 19,000
21,000

23.000n

~ 25.000
5.070

7.000

3,000

11.000

13.00n0

- 15.000
17.000

19,000

~ 21.000
23.000
25,009
S.000

7.000

9,000

11.00n9
13,000
15.0n0
-~ 17.000
19.600

21.0n00

2l.0onn

25,000

5,000

- 7,000
9,000

: 11.690

~o 13.000
15.000

17,000

e 19,000
21.000

23.000

. 25,060
5.000

7,060

r Q. 00N
11,000
13.000
15.00n
17.000
13,000
2l.onn
23,600
2540090
5.000

7.000

115,

UsSeSe  DISCHAYOGF  STODAGE

11.770
172.75¢0
13.9490
15.310

16,830

18.460

22.020
23R4y
ch.NT0
12,490
13.100
}13.920
14,9340
l16.150
17.530
19.030
20.A00
2P A4
24,200
Ph.hTU
13.920
lastln
15.090
15.971
17.60630
12.2°(
19.AA0
21.170
22.920
24.A10
27390
15,7280
15.6490
16.260
17.010
17.4950
19,080
20,340
Al. 760
23.45Q
’5.110
AL 30
1H.540
14920

A7.410

1R R0
19.300
21.0%0
224380
24,0720
25 .ATO

PR AR}

17.81390
18,110

A
15000.000
15000.000
15600.000
15000,000
15000,000
15000.000
15000.,000
15000,000
1I5000.000
1S900.000
1R000.000
18000,000
1ROND L GO0
180004000
13000.000
12000.000

1R0NN, 000

12000.,000
13000.000
14000,000
18000.000

2100C.000

21900.000
21000.000
21000.000
21000.000
21000.000
21006.,0600
21000,000
21000.000
21000,000
21000.000
26000.000
24000,000
24000,000
26000,000.
24000.000
24000.,000
24000,000
P4000,000
24000,000
24009.000
P4000.000
27000.009
27000.000
P7000.000
27000,000
27000.000
27000,000
27000.000
27670,000
27000,000
27000,000
27000.000
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APPENDIX IV

Tables for Computing Correction Factors for Upstream and Downstream
Stages for 13 Channel Sections of the Upper Kissimmee River

C29AAS62 = C-29 above $-62
C29ABS62 = C-29 below 5-62
C30AS57 = C-30 above S-57
C30BS57 = C-30 below S§-57
C31BS59 = C-31 below S-59
C31A559 = C-31 above S-59
C32CBS58 = €-32C below S$-58
C32CAS58 = C-32C above 5-58
C33BS60 = C-33 below S-60
C33AS60 = C-33 above 5-60
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APPENDIX I

A Typical 3 Hour Gate Operation and Stage Data for Structure S-65F

(Note: Considering the illustrative nature of the appendix, the data
presented for the first 119 days seems to serve the purpose).

HW = Headwater elevation
TW = Tailwater elevation
GT1 = Gate No. 1
6T2 = Gate No. ?
GT3 = Gate No. 3
GT4 = Gate No. 4
GTS = Gate Nao. 5
G676 = Gate No. 6
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APPENDIX 11
A Typical Cross-Sectional Data for C-31 Above $-59
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FURTHER AREASﬁQF INVESTIGATION

Since it is demonstrated that the formulations, coefficients and param-
eters used in developing the operational witer quantity modeil interact in a
constructive manner to yield useful operational information, the following
are further areas of investigation that can be evolved from the recently
completed model and the associated data base: -

1.

Due to the tedious and laborious task of collecting 3 hour gate
operations data for all the control structures of the Kissimmee
Basin, our methodology is demonstrated for only one year, 1970,
It is logical to extend this useful methodology (with necessary
modifications to its pieces) for some other years for which the
sub-basin output is already available and for which gate opera-
tion data will be generated.

At the current level of development, the model uses practical
information (such as gate operations) as input and then generates
an output of simulated discharges and stages at various points in
the system. To use the model as an operational tool, it is neces-
sary to modify the model in such a way that it provides an output
of the essential gate openings at various controlling structures
to maintain specified water levels and discharges in various
sections of the Kissimmee water system.

3ince some of the coefficients used in the model are related dir-
ectly and indirectly to the land uses in the basin, it is possible
to further examine the effects of land use changes on the hydrologic
Characteristics of the Kissimmee Basin. In such an endeavor, it may
be necessary to re-examine the procedures used to estimate the
values of the basin parameters. After achieving a good output on
Tand use -~ water quantity interactions through the operational water
quantity model, efforts may be made to tie it further to water quality
aspects of water management in the Kissimmee Basin.

Since a large bank of data of hourly values for the ten year period is
generated in this study, it is possible to apply currentiy available
advanced data processing techniques to explore further characteristics
of the hydrologic components. In addition, since extreme values of
runoff coefficients are estimated in our study by a simple graphical
method, more advanced probabilistic methods can be explored to acquire
similar hydrologic information of exteme values.
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CONCLUSTONS

After developing an adequate framework of the operational water quantity
model and after obtaining encouraging results on a first pass basis in July
1975 (see reference No. 36), an extensive effort was made to further examine
critical links of the model. As a result, the sub-basin model was first
refined by conducting several computerized parametric sensitivity analyses on
the key parameters of the hydrologic system considered in the sub-basin model,
As a next step, a procedure of double interpolation was designed to use the
developed formulations in conjunction with the correction factors for better
accuracy. In addition, the coefficients, parameters and data base of the
model had all been checked from previous available documents. When such
refined pieces of the model were put together for the year of 1970, the results
showed significant improvement in simulated lake stages, and excellent correla-
tions between simulated and historical discharges through the controlling
structures. It is hoped that such a recently completed water quantity model
can be useful as an effective operational tool in managing the Kissimmee water
system in the near future.

The nicety of the operational water quantity model lies in the fact that
its strong data base can answer the following gquestions more accurately and
more scientifically than ever before: -

1. What is the storage in any pool of the Tower Kissimmee Basin at a
given stage and mean discharge through the primary conveyance canal
of C-387

2. What is the discharge in C-29 in the upper Kissimmee when lake stages
of Lakes Hart and Mary Jane are known? '

3. Can the maximum velocity in C-36 exceed the design velocity? 1If so,
in which period of the year can it happen?

4. What is evapotranspiration Toss in Boggy Creek drainage basin in
the upper Kissimmee as against evepotranspiration loss in Pool A of
the lower Kissimmee? . ‘

5. MWhat is the relationship between the state conditions concerning the
available storages in sojl layers of planning units 8 and 11 in the
sub-basin model on the final simulated stages of Lakes Cypress,
Hatchineha and Kissimmee?

6. What are the hydrologic effects (in terms of velocities, additional
area acreage and storages) in pool D (C-38 between S-65C and S-650)
if the water level is to be maintained 2 ft. higher than requlatiop
stage of 27 ft.?

7. What are the relative stage increases in the upper Kissimmee lakes
1f X amount of inflows are added to each of them in 3 hourly periods?
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8. tHow does the detention time of the water vary between different
lakes of the upper Kissimmee? : :

9. What is the slope of the water surfécé'in Pool B for given discharges
through S-65A and S$-65B with known storages?

10. What are the percentage differences using U,S.6.S. rating curves
versus U.5.G.S. - F.C.D. composite curves for estimating discharges
through controlling structures of the lower Kissimmee Basin?

It is to be noted that these are just a few questions that can be
answered by the intermediate steps buiit into the operational water auantity
model . ' :

Most of the steps of the opefational wéter quantity model are computerized.
These developed computer programs {which take five hours ‘to process one simula-
tion year) are shown to be successful .in performing the follewing operations:

a. Generating hydrologic parameters "(such as sub-surface flow, surface
flow, evaporation losses, deep seepage losses, available soil storage,
storage in depression and finally streamflows) on a 3 hour basis for
19 planning units using rainfall, stage conditions and basin parameters
as input data. -

b. Routing these streamflows of the 19 planning units through the con-
trolled systems of lakes, channels, and operating structures.

c. Simulating 3 hour lake stages, headwater and tailwater elevations of
structures and discharges through the structures of the upper and
lower Kissimmee using 3 hour gate operations data, rainfall values
and various initial conditions as input data.
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Table 38. Ranges for the extreme values of the coefficients of runoff (—)
for upper, lower and entire Kissimmee bas:n

Description - Upper . Lower Entire

Dry Period

Max. Values 0.28 i§10.63 0.31 <5 <0.8 0.33 i%i 0.78
R 5 ' R * R *
0.44 < T < 0.47 0.49 < 5 < 0.5 0.46 < & < 0.49
R
Min. Values  0.03 < 3 < 0.27 0.03 < & < 0.25 0.03 < £ < 0.26
R * R * R "
0.011;50.13 0.0l =5 < 0.14 0.0 < 5 <0.15
Wet Period
R R R
Max. Values 0.13 <5 < 0.46 0.16 < 5 < 0.5] ' 0.10 < & < 0.52
0.25 i%i 0.30" 0.19 <§i 0.48" - 0.01 i-g‘—io.m""
Min. Values 0.0 igiozz 0.01 < & < 0.25 0.01 < 3 <0.20
0.011-:}3 0.03" 0.01 5{}5 0.13" 0 5250.13*
Cumulative Values
Max. Values | 0.21 5_2‘5_0.23
Min. Values | ‘ : 0.04:3_%-1 0.14
Annual Values
R ‘R R
Max. Values 0.13 <3 = 0.25 0.09 <5 = 0.34 0.01 S5 £0.30
: R R :
Min. Values  0.01 <3< 0.09 0.0 <= < 0.08 0.0 igio.os

" These ranges are based on Tables compiled by the authors.
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8 to 35. Based on simple subjective judgment, boundaries enclosing al?l
these points as closely as possiblelare drawn. Using these boundaries, the
maximum and minimum values of runoff to different values of precipitation
are read from the correspanding graphs of the upper, lower and entire
Kissimmee. Their ratios are depicted in tables compiled by the authors.
Again, these tables can be further condensed into ranges of extreme values
as shown in Table 38, From these tables, it is possible to observe the
hydrologic characteristics regarding the maximum and minimum amount of
runoff that can occur in the upper, tower and entire Kissimmee for a given
rainfall value. It is also recognized by the authors that there exists more
sophisticated probabilistic methods to estimate extreme values. However, for
simplicity, a subjective judgment is used in drawing the envelop around the
data points as shown in Figures 8 to 35.

2. Other specific hydrologic information:

For a given set of state conditions and basin pbarameters, the output
from the sub-basin model compiled in references 45 and 61 provides usefu?l
information regarding the percent of rainfall that attributes to the

sub-surface flow,
surface flow,

total evaporation loss, -
soil storage, and
streamflow.

O o w

This generated information is for ten years with "print-out" of the
daily values for 19 planning units of the upper and Tower Kissimmee.

Another useful hydraulic characteristic of the 21 channel sections of
C-38 are compiled in reference 46. Such generated output gives

velocities,

storages,

surface areas,

hydraulic conveyance, and
water surface elevations

T OO0 oo

at various sections for a given mean discharge. With such information, it is
possible to examine the effect of runoff, resulting from the given precipita-
tion on the downstream and upstream water Tevels and velocities at different
points in the channel.
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Tabla 37. Comparison of discharges compu*ed by three different formu?at1ons
for five pools of the Lower Kissimmee basin.

~ Equations Based on FCD-USGS Equations Used
Structure USGS Curve Equations In Our Study
(Table No. 23) (Table No. 24) (Table No. 22)
$-65 2227.19 - 2303.28
S-65A 2160.72 - 2295.61 2311.95
$-658 2230.804 ~ 2231.33 2354.27
5-65C 2078.17 2155.30 . 2082
S-650  2546.87 2536.58 2652.86

$-65E 3170.60 - 3344.70

* This table was prepared as a result of discussionswith the Hydrology Division
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of sensitivity analyses Nos. 2] and,23. The output of the finally selected
sub-basin model is compiled in reference No. 61. The values of the hydrologic
components based on the final output are also shown in comparative Figures 9
to 35. As pointed out earlier, that since the streamflows generated by the
sub-basin model are not conceptually the same as that of the discharges
passing through the controlling structures, any positive conclusions based

on these comparisons alone are not possible. However, since the simulated
lake stages are significantly improved using the new set of sub-basin output,
the selected combination among the other 23 parametric sensitivity analyses

is fully justified.

Another step that is introduced in the process of developing a series of
parametric sensitivity analvses is related to further refinement of discharge-
stage relationships of the lakes and channels of the upper Kissimmee Basin.
Such a refinement is achieved through correction factors. For each of the 20
channel sections of the upper Kissimmee, the estimated values of the discharges
and stages are obtained using the equations of Tables 27 and 28. Knowing the
computed values of these discharges and stages, the correction factors are
computed. These correction factors ‘along with their corresponding discharges
and stages for each of the 20 channe] sections are given in Appendix V and
Appendix VI. The developed procedure to compute correction factors by double
interpolation can be seen from the camputer. program given in Reference No. 37.

Since the jterative procedure of the lower Kissimmee Basin is geared to
estimation of the discharges through controlling structures, and since there
are three available sets of governing equations, an effort is made to examine
the sensitivity of these formulations in terms of the variations in their
discharge estimates., The results compiled in Table 37 indicate that all
estimates are within the usual error limit of 10% suggesting equal ratino for
these three sets of equations. 1In spite of such a conclusion an effort is made
in the final analysis to use these sets one at a time and to examine their
sensitivity on the final simulated stages in the lower Kissimmee Basin.

Considering the important role of the parametric sensitivity analyses in
refining the simulated values, it is essential to examine that role in our
methodology. Using various parametric changes described earlier, many computer
runs were made to generate simulated values. The improvements in subsequent
runs for three illustrative lakes of the upper Kissimmee are shown in Figures
o1, 52 and 53. These comparisons indicate positively the right direction given
by the parametric sensitivity analyses in resolving the previous problems associ-
ated with Take stages. ' : i

3.3 OBSERVED HYROLOGIC CHARACTERISTICS OF THE KISSIMMEE BASIN

Since the pieces of sub-basin model and routing model have generated
tremendous amounts of hydrologic inforination of various kinds, such information
can be analyzed in many different ways to obtain the hydrologic characteristics
of the Kissimmee Basin. Again, considering the fact that our efforts are tbward
completing the water quantity model and not towards applying advanced data
processing techniques to the generated data, the detailed task of the hydrologic
data analysis is out of scope for this study at this time. However, basic and
useful hydrologic characteristics that can be observed through our generated
data are briefly outlined below. ‘

1. Range of maximum and minimum values of the coefficients of runoff:

The output of the sub-basin model on an annual, seasonal and cumulative
basis is plotted along with the corresponding historical data as shown in Figures



Table 36. (continued)
ydrologic Sensitivity Analyses Planning Units
&arame ter # 8 16
13 2.72 0.00 17.52
Annual 14 2.72 0 17.74
Sub-surface 15 11.57 0 13.11
Flow 16 11.59 0 13.85
in inches 17 21.87 1.15 22.89
13 0 0.00 0.12
Annual 14 0 0 0.12.
SF 15 0 G 0.02
in inches 16 0 0. 0.08
17 0 0 0.1
13 28.45 29.90 25.57
Annual 14 38.45 30.77 25.35
Total 15 28.72 26.33 29.93
ET losses 16 28.69 26.33 29.11
in inches 17 - 17.97 17.18 18.95
13 1.03 0.87 0.0
Annual - 14 1.03 0.43 0.0
Deep 15 0.13 0 0.23
Seepage 16 0.13 0 0.25
in inches 17 0.22 2.28 " 0.53
Annual 13 -3.56 . +18.1% 5.43
Change in 14 -3.56 +17.73 5.42
Available 15 -1.81 +22.73 5.464
Storage in 16 -1.81 +22.58 5.49
inches 17 -1.38 +28.,298 4,710
Annual 13 0 0 0
Change in 14 0 0 0
Depression 15 0 0 0
Storages 16 0 0 0
17 Q 0 0
13 0.09 0.05 0.34
Annual 14 2.88 0.07 18.15
Total 15 11.73 0.07 13.43
Streamflows 16 11.76 0.07 14.22
in inches 17 '21.48 0.92 23.23
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Table 36. (Continued)
Hydrologic Sensitivity Planning Units
Parameter Analysis # 1 4 8 16
18 - - - 37.58
Annual 19 38.48 44.10 48.50 37.58
Precipitation 20 38.48 44,10 . 48.80 37.58
in inches 21 38.48 44.10 7 48590 37.58
' 18 - - - 12.88
Annual 19 11.57 1.65 ‘0 13.11
Sub-surface 20 7.90 0.77 0 8.41
flow in inches 21 7.43 0.62 6.11 6.62
18 - - - 0.01
Annual 19 0 3.87 0 0.02
Surface flow 20 0 1.76 -0 0 -
in inches 21 0 0.75 1.37 0
Annual 18 - - - 29.87
Total ET losses 19 28.72 38.00 26.33 29.93
in inches 20 32.92 42.94 26.51 35.40
21 32.85 40.07 48.22 33.69
18 - - - 0.54
Annual 19 0.13 2.68 G 0.23
Deep Seepages 20 0.07 1.59 0 0.14
in inches 21 0.06 1.56 1.55 0.09
Annual change 18 - - - -5.46
in depression 19 1.81 2.04 22.58 -5.46
storage in 20 ~2.27 -2.818 22.40 -6.044
inches 21 -1.76 +1.08478 -8.1525 -2.73
Annual change 18 - - - 0.00
in depression 19 0 0 0 0.00
storage in 20 0 ) 0 6.00
inches 21 0 0 0 0
Annual Total 18 - - - 13.17
Streamfiow 19 i1.73 5.56 0.07 13.43
in inches 20 8.07 . 2.59 0.07 8.69
21 7.52 1.40 7.3% 6.72
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Table 36. (Continued)

Hydrologic

Sensitivity Analysis

Planning Units
8

Parameter 1 16
‘ 7 34.38 35.59 34,15
Annual 8 28.72 26.33 29.93
Total ET 9 28.69 35.39 29.02
Losses 10 28.69 35.39 29.02
in inches 11 28.72 26.33 29.93
12 38.45 29.90 25.57
7 1.40 6.07 0.9
Annual 8 0.13 0 0.23
Deep 9 0.1 5.99 0.16
Seepage 10 0.1 5.99 0.16
in inches 11 - 0.13 0.00 0.23
12 1.03 0.87 1)
7 0.47 ~4.84 -0.19
Annual 8 -1.81 22.58 5.46
Change in 9 -1.29 -4.91 -2.09
Available 10 -1.29 ~-4,9] -2.09
Storage 11 ~1.87 22.58 -5.46
*in inches 12 -3.56 18.15 ~-5.43
7 0 0 0
Annual 8 0 0 0
Change in g 0 0 0
Depression 10 0 g Q
Storages 11 . 0 0 0
' 12 0 0 )
_ 7 0.06 1.29 0.07
Annual 8 0.22 0.05 0.26
~ Total 9 0.16 1.33 0.16
Streamflow 10 0.16 1.33 .16
in inches i1 0.20 - 0.05 0.26
12 0.09 0.05 0.34
13 38.48 48.90 37.58
Annual 14 38.48 48.90 37.58
Precipitation 15 38.48 48.90 - 37.58
in inches 16 38.48 48,90 37.58
17 38.48 48.90 37.58
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Table 36. (Continued)

Hyvdrologic Sensitivity Analysis Planning Units
Parameter 8 16
1 -3.77 -0.67 -6.87
Annual 2 -0.54 . +17.36 -4.15
Change in 3 0.31 +19.7 -3.93
Available 4 -0.56 +24 .17 2.76
Storage 5 +4 .54 +37.54 +1.14
in inches 6 -0.08 22.58 3.66
1 0 0. 0]

. Annual 2 0 0 0
Change in 3 0 0 0
Depression 4 0 0 0
Storage in 5 0 0.02 0
inches - 6 0 0 0

1 4.60 27.27 4.36
Annual 2 4.58 13.40 5.81
Total 3 5.17 15.18 6.57
Streamflows 4 2.82 18.31 4,57
in inches 5 33.93 10.05 36.56
6 0.09 0.05 0.23
7 38.48 48.90 37.58
Annual 8 38.48 . 48.90 37.58
Precipitation g 38.48 48,90 37.58
in inches 10 38.48 48.90 37.58
11 38.48 48.90 37.58
12 38.48 48,90 37.58
7 2.25 10.39 2.68
Annual 8 11.57 Q 13.11
Surface 9 11.06 10.80 10.58
Flow 10 11.06 10.80 10.58
in inches 11 11.57 0 13.11
12 2.72 0 17 .52
7 0 1.81 0
Annual 8 0 0 0.02
. SF 9 0 1.77 0
in inches 10 0 1.77 0
11 0 0 0.02
12 0 0 0.12




Table 36, A comparison of yearly hydrologic parameters generated by the
sub-basin model for various parametric sensitivity runs.

Hydrologic Sensitivity Analysis Planning Units
Parameter # ] 8 16
1 38.48 48.90 37.58
Annual 2 33.86 43.03 37.58
Precipitation 3 38.48 : 48.90 37.58
in inches 4 38.48" 48,90 37.58
5 38.48 48.90 37.58
6 38.48 48.90 37.58
1 4,24 26.41 4.82
Annuatl 2 4,52 _ 15.02 5.25
Sub-surface 3 4.9] 17.05 5.65
flow in 4 2.72 20.61 3.58
inches 5 6.92 C6.50 8.19
6 2.32 : 0 3.08
1 (.25 0 0.74
Annual 2 0 0 0.39
SF in 3 0.22 0 0.76
inches 4 0 0 0.76
5 . 27.02 4,84 28.28
6 0 0 0
1 36.68 24,33 37.38
© Annual 2 28.39 10.65 30.60
total ET 3 32 12,17 34.10
losses 4 33.18 3.30 34.90
in inches 5 0 0 0
6 34.77 26.33 36.49
1 1.16 0 1.63.
Annual 2 1.50 0 1.04
Deep 3 - 1.68 0 1.10
Seepages 4 2.07 0.83 1.16
in inches 5 0 0 0
6 -1.50 0

0.99
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Table 35, {continued)

Sensitivity Analysis ! Planning ___Streamflows in inches
¥ Unit Feb-May June-Sept . Oct-Nov Dec-Jan
#
1 - - - -
4 - - - -
18 8 - - - -
16 4.50 1.89 2.78 4.0
1 2.37 5.12 1.64 2.60
19 4 3.11 0.29 0.27 1.89
8 0.02 0.00 0.00 0.05
16 4.66 1.91 2.81 4,05
1 1.10 3.7 0.85 2.41
20 4 1.39 0.11 0.08 1.01
8 0.02 0.0 0.0 0.06
i 16 2.6] 0.99 -1.563 3.56
{ .
1 1.02 3.71 0.85 1.94
21 4 1.03 0.11 0.08 0.18
8 2.86 1.03 1.05 2.41
16 2.1 ~0.99 1.53 2.09
1 - - - -
22 4 1.04 0.11 08 0.19
8 - - - -
16 - - - -
1 - - - -
23 4 3.12 1.14 . 0.68 1.65
8 - - - -
16 - - - -
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Table 35. (Continued)

Sensitivity Analysis| Planning ' Streamflows in inches )
Unit Feb-May June-Sept Oct-Nov Dec-Jan,
4 # :
1 0.03 0.06 0.02 0.05
10 - 8 0.45 0 35 0.22 . 0.31
16 0.05 0.02 0.03 0.06
] 0.03 0.06 0.02 0.09
Il 8 0.01] 0.00 0.00 0.04
T 0.06 0.02 0.03 0.15
1 0 0 4] 0
12 8 0.01 - 0.00. 0.00 0.04
16 0.08 0.05 - 0.04 Q.17
1 0 0 0 0.09
13 : 8 0.01 0 0 0.04
16 0.08 0.05 0.04 0.17
1 0.35 0.20 0 - 2.33
14 B 8 0.02 0.00 0 0.05
16 6.13 4.13 3.40 4.49
1 2.37 5.12 1.64 2.60
15 -4 3. -'0.29 0.27 1.89
8 0.02 0.00 0.00 0.05
16 4.66 1.91 2.81 4.05
i 12.38 5.12 1.64 2.62
16 i} 5.24 0.39 0.33 2.18
8 0.02 0.00 0.00 0.05
16 5.15 1.95 2.81 4,31
1 6.13 -10.31 2.00 3.35
17 4 7.31 0.87 0.40 2.47
8 0.02 0.06 (.49 0.35
16 8.65 6.49 3.33 4.76
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Table 35. Comparison of streamflows for various parametric sensitivity
runs for the year 1970,

Sensitivity Analysis| Planning ' ' Streamflows in inches

, UI;H: Feb-May June-Sept Oct-Nov Dec-Jan

_ 1 0.4 2.60 1.06 0.54

] 8 5.87 16.54 - 2.56 2.30

16 1.20 1.89 1.07 1.67

1 0.69 2.03 1.08 0.78

2 8 2.19 5.45 - 3,81 1.95
16 1.17 1.87 1.21 1.5 .

: 1 0.76 2.47 1.13 0.81

3 8 - 2.48 6.18 4.32 2.20

16 1.22 2.10 1.29 1.96

1 0.68 0.98 0.56 0.60

4 8 2.64 7.7 5.29 2.67

16 1.07 1.01 0.75 1.74

1 6.12 24,03 2.60 1.17

5 8 0.02 4.57 4.17 1.29

16 10.89 19.95 2.66 3.06

1 0.01 0.01 0.01 0.06

6 8 0.01 0 0 0.04

16 0.01 0.01 0.01 0.20

1 0.01 0.01 0.01 0.03

7 8 0.44 0.34 0.21 0.30

16 0.01 0.01 ¢.0 0.04

1 0.03 0.06 0.02 0.09

8 8 0.01 0.00 0.00 0.04

16 0.06 0.02 0.03 0.15

1 0.03 0.06 0.02 0.05

9 8 0.45 - 0.35 0.22 0.31

16 0.05 0.02 0.03 0.06




Table 34, (continued)

e
FX

Sensitivity
Analysis
Number

Description

18

19

20

21

This run is exactly the same as #15 except that
sensitivity of F(3¥ is examined for the planning
units 16, 17, 18 and 19. The value of F{3)=0.0005
is used instead of 0.0002 _

In this run, all the conditions are the same as
sensitivity analysis #15 except that number of
cascades in overland flow is used as 1 instead
of "read in" values.

In this run, a modified equation for estimating
evapotranspiration loss is used.

This run is exactly the same as #20 except that
state conditions at the end of 1960 are used
instead of the conditions at the end of 1969.
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Table 34. Descriptions of the sensitivity analyses performed
on the sub-basin model

Sensitivity
Analysis
Number

Description

10
Al
12
13

14

15
16

17

Two patch-up statements such as SG{3)=15 and

Q(3) = 0.002 are removed; the updated state conditions
at the end of 1969 are used, other conditions are

the same as #7.

All cohditions are the same as that of analysis #8
except state conditions at the end of 1960 are used.

Six statements after statement No. 680 are removed;
two additional statements are added to estimate loss
functions correctly, other conditions are the same
as for analysis #9. '

Everything is the same as sensitivity analysis #10
except that state conditions at the end of 1969 are
used.

Two statements to improve loss functions and pre-
viously thought "patch-up" statements are again used;

seasonality in PPAl1 is introduced; state conditions
at the end of 1969 are used.

Some more "patch-up" and "unnecessary" statements
were removed. All other conditions are the same
as for analysis #12.

Everything is the same as sensitivity analysis #12
except a. Cy = 2(DTy)/ 2(TK(1))+ DT}) is used.
b. ,p}anning unit 4 was processed in addition
to the units #1, 8 and 16.

Everything is the same as sensitivity analysis #14
except that the seasonal variation in PPA]l was removed.

This run is exactly the same as sensitivity analysis
#14 except that few logical errors overlooked in
analysis #14 were eliminated.

This run is exactly the same as sensitivity analysis
#]Gzexcept that seasonality of PPA1 is introduced in
LOS<eT. ‘
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Table 34. Descriptions of the sensitiviiy analyses performed
on the sub-basin modei ‘ :

Sensitivity
Analysis
Number

Description

This is the original program given to us by the
previous investigators. Using the original set
of state conditions, basin parameters and rainfall
inputs, this program generated streamflows for

19 planning units for ten years (1960-1970). 1t
s to be noted that these simulated streamflows
are used in comparative tables and graphs for
verifying the sub-basin model output.

In this run, upper and Tower bounds on the ET loss
are removed and interception Joss is included.
Value of ppan 1is changed from 0.78 to 0.76. Sub-

basin model output is compiled for 19 planning units.

This run is made only for three i1lustrative planning

units #1, 8 and 16. The value of ppan = 0.78.

Interception loss is not included but upper and lower

1imits on ET Toss are removed.

In tﬁis run, "upper bound" is changed from 0.00142
to 0.0009 and "lower bound" is set to 0.0005,

Upper and'ibwér-bounds are removed, increment in GD
is removed. Adjustment to LCS2T is removed.

‘Upper and lower bounds are removed; increment in GD
is removed; in the right hand side of the equation for
Ct, 2aT, is replaced by 2; the original equation for

adjusting LOS2T is replaced by the equation given
in ARS publication.

Everything is exactly the same as sensitivity analysis

#6 except that the original state conditions at the
beginning of ‘1961 are used instead of the updated
conditions at the end of the year 1969,

_
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3.2.8 NATURE OF THE PARAMETRIC SENSITIVITY ANALYSIS

M

After successfully fitting together the sub-basin model with the routing
model, the next important step is to improve and refine the final output by
tuning up the model. This tune-up is generally done in terms of parametric
sensitivity analysis. In simple terms, parametric sensitivity analysis is
related to a systematic effort to determine the impact of change in one or
more parameters on the final output.” As a result, it is possible to identify
the more sensitive or key parameters or coefficients used in the model. It
is also to be noted that the purpose of parametric sensitivity analysis is to
improve the correlation between simulated and recorded values on a rational
basis.

As a first attempt, parametric sensitivity analysis is performed by

1. Converting the basin parameters of planning units 8 and 11 to one
layered soil systems in the sub-basin model.

2. Changing the value of F(3)- from 0.0003 to 0.0002 for the five
planning units of the lower Kissimmee.

3. Increasing and decreasing the upper and Tower limits of the total
losses.

4. Using initial storage values instead of the developed formulations
for the Tower Kissimmee in the routing model.

5. Selecting another set of proportioning factors for distributing
Tocal inflows.

6. Introducing in the sub-basin model the interception loss which is
less effective in dry periods and more effective in wet periods.

7. Changing the criteria of convergence and the limit of maximum
number of iterations.

Since such a preliminary effort of one shot parametric changes was nat
successful in improving simulated lake stages, a detailed and systematic
parametric analysis was planned to examine the critical parts of the model.

As a step in that direction, sub-basin model output is first generated
with 23 different modifications in the sub-basin program for three illustrative
planning units - 1, 8 and 16, The description of such changes (also called
parametric sensitivity analyses) is given in Table 34. The effects of.these .
changes on simulated hydrologic components and simulated streamflows in partic-
ular, are depicted in Tables 35 and 36. These comparative tables indicate
clearly the net response of various parameters of the physical hydrologic
system to state conditions, routing coefficients, seasonal variation of evap-
oration coefficient, use of modified equations for evapotranspiration and
artificial patch-up coefficients used by the previous investigators. Among
these 23 analyses, Nos. 15, 21 and 23 are the choices for many obvious reasons.
Since Nos. 21 and 23 are the subsequent refinements of No. 15, the final
selection of the parameters for the subrbasin model is based on the combination
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Table 33. Initial storages for five channel sections of lower Kissimmee basin.

Channel Initial Storage

Section in Acre-ft. Cubic Ft.

C-38A 5901.807693 2.570827431 x 10%

c- 388 10003 . 447100 4.357501557 x 10°

c- 38¢ 8013. 750286 3.490789625 x 10°

£-38D 10017.3096 “4.3635450062 x 108
| x 108

C~38E 8796.698 3.831841649
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were associated with these formulations. Unfortunately, since these
Tnaccuracies were accumulated in our iteration procedure, simulated values
were different than recorded values. Furthermore, to increase the accuracies
of these formulations, the use of tables was not a viable alternative because
of the three variables system. Under these circumstances, it was decided to
use correction factors to increase the accuracies of the backwater functions
of the Tower Kissimmee Basin. As a first step, new forms of equations, as
shown in Tables 27,28,29,30 and 31, were formulated. Using these equations,
computed upstream (CUS), downstream stages (CDS) and computed stages were
estimated for five sections of the lower Kissimmee. These values were
tabulated with their actual values and with their ratio such as

1. Ufact = _US
CuUs

2. = _DS
Dfact o

3. Sfact = Cg{g%

These tabulated values corresponding to particular mean discharges are depicted
in Appendix VI. Based on the values given in these tables, correction factors
for upstream stage (Ufact), downstream stage (Dfact) and storage {Sfact) are
formulated. Although linear and nonlinear equations are tried for these.cor-
rection factors, it is found more accurate to fit parabolic equations. Such
developed equations of Ufact, Dfact and Sfact for five channel sections of the
Kissimmee are given in Tables based on references 48 and 49. In the routing
methodology, the computed upstream stage, downstream stage and storage values
are multiplied by these correction factors to obtain final simulated stages

and storages. After examining the effects of these formulations of correction
factors, it was decided to use correction factors for downstream stage directly
from the tables instead of the corresponding parabolic relationships. :

3.2.7  COMPUTATIONS QF INITIAL STORAGES FOR FIVE SECTIONS OF THE LOWER
KISSIMMEE BASIN :

Based on experience with the first-cut results of the routing model for
the lower Kissimmee, it is realized that the accuracy of the simulated values
would be increased if we compute manually initial storages of the five sections
of C-38 and if we feed them as input data to the routing model. In this
fashion, the computation of storage in the beginning of each time step, using
the relationships given in Table 31 can be eliminated and storage at the end of
the time period is used as an initial storage in the next time period. Further-
more, it is very convenient to change the initial storages if required. Since
initial storages play an important role in obtaining more accurate simulated
values, they are computed as accurately as possible by the following steps:

1. For each channel section of C-38, discharges through the upstream
and downstream control structures are estimated from the equations:
given in Table 22 using the initial stages of Table 13 and initial
gate openings similar to those given in Appendix I.

2. For average values of these two discharges and for the given
initial value of downstream storage is interpolated directly
from the tables given in Appendix VI.
Such computed values are given in Table 33.
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3. With a Timit of 50 on the‘tumber of iterations in one time step,
and with an allowabhle increment of 0.005 ft., an iteration pro-
cedure becomes flexible in changing the initial stage by as much
as 0.25 ft. to obtain final convergent stage.

3.2.5  COMPUTATIONS OF ANNUAL EVAPORATION FOR THE UPPER, LOWER AND ENTIRE
KISSIMMEE BASIN

In the process of verifying the sub-basin model output, it has been
speculated previously that evaporation from the free water surface be included
in the routing model to improve and refine the simulated streamflows of the
sub-basin model. Accordingly, equations given in Table 15 are incorporated
to account for evaporation from each lake on a 3 hour basis. To examine the
impact of including evaporation on an annual and seasonal basis, however, the
following values are obtained: .

Dry Period Wet Period Annual

Kissimmee Area in _Inches in Inches . in Inches
Upper 0.9 1.16 2.12
Lower 0.37 0.45 0.82
Entire _ 0.79 0.95 1.74

It is to be emphasized here that the-procedure to obtain such values
includes: -

1. Estimation of the tota] lake area of the upper Kissimmee,
2. Computations of water surface area of the Tower Kissimmee,

3. Calculating the ratio of water surface area and total area of the
upper, lower and entire Kissimmee, and .

4. Multiplying lake evaporation values (which are converted from pan
evaporation values of Table 15) by the ratio obtained in step 3.

It is to be noted that these evaporative values represent the water
Tost directly from the free water surface. Such a direct evaporative loss
is insignificant as compared to the total water loss from the total area of
the upper, lower and entire Kissimmee Basin. Since such water Toss has an
insignificant effect in improving lake stages and storages of the upper
Kissimmee Basin, it is not included in the lower Kissimmee computations
although it can easily be added if it becomes necessary.

3.2.6  USE OF CORRECTION FACTORS FOR THE BACKWATER FUNCTIONS OF THE LOWER
KISSIMMEE

When the formulations relating upstream.and downstream stages, discharges
and storages were originally built into the routing model, the simulated stages
were found to be inaccurate from an operational standpoint. Although the vari-
ables of these original formulations were principaliy based on the hydraulic
characteristics depicted in Figures 37,38,39 and 40, mathematically, we were
trying to simulate a smal} number (U.S.S.*D.S.S.) from two large numbers of
D.5.5. and Q. Thus, in spite of a high correlation coefficient, inaccuracies
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the lower Kissimmee, the total storage (i.e., storage in channel as well as

in the storage outside the channel) of the planning unit is the key parameter

to be iterated on. This iterative procedure of storage parameters was already
described step by step in the previous chapter. Due, however, to the relatively
small size of some of the upner lakes (i.e., Coon, Lizzie, Trout, Joel, etc.,
etc.) and due to the inherent inaccuracies in the backwater functions for some
small channel sections between these small lakes, iterative procedure did not
converge many times. To eliminate such a convergence- problem, another iterative
procedure is devised only for the upper Kissimmee. In this procedure, the
change in the storage during a time step is broken down into two parts; the
first part consists of fixed inflows and outflows for the time period and the
second part is related to the variable outflows and inflows to contribute to

the variable "change in storage.” Since the first part is constant, an iter-
ative procedure is developed based on the second part. It is observed that

such procedure has completely eliminated the convergence problem and thus
storage values converge within 20 to 30 iterations.

3.2.4  IMPORTANCE OF ERROR FUMCTION AND ITS COMPUTATION

To carry out an iterative procedure, a criteria of convergence needs to
be specified. In other words, if the storage value obtained in the iteration
step is very close to the storége value in the previous iteration, then iter-
ation is stopped. To quantify such closeness of the two storage values, an
error function is used. Error function is basically a number which can be
compared against the difference between two consecutive storage values. I[f
the difference is greater than this number, then iteration is continued,
otherwise no. Normally, such a number is selected based on the required pre-
cision in the system parameters. In our case, however, that number is com-
puted from the tabulated relationships of the stage-storages for the upper
Kissimmee (given in Tables 17,18,19,20 and 21) and functional relationships
of stage, storage and discharges for the. lower Kissimmee Basin {shown in
Table 31). This is the reason why we called it error function rather than
error number. For any lake in the upper Kissimmee at the start of the specific
time period, initial stage is either obtained from the previous time period or
from the table of initial conditions. Corresponding to this stage, a storage
is obtained by interpolating the tabulated stage-storage values. Now, stage
is incremented by 0.0005 ft. and another storage is obtained corresponding to
this increased stage. The difference between these two numbers is the criteria
of convergence. . .

For the lower Kissimmee the same procedure is repeated with the mathematical
function (given in Table 31) instead of interpoiating tabulated values. The
advantages of using such error functions are as follows:

1. Since error function is based on the stages, the value given by
error function varies according to the period of the year with
different values in dry and wet periods.

2. It is possible to increase or decrease the error function by using
appropriate values of stage increments.



L]

dependent variables by simply knowing the values of the independent variables
without extrapolating or interpolating the values from the table every time.
Thirdly, it is possible to examine directly the parametric change in one or
more independent variables on the dependent variable. This is particularly
useful in tuning up the model with the key parameters. The fourth advantage
is that further modifications in the mathematical forms or availability of
new sets of data can be easily incorporated in the simulation procedure.
Lastly, it is also possible to select the final form of equations based on
the criteria of correlation coefficients or sum of the squares of the devia-
tions, etc., etc. In spite of all these advantages, one major drawback of
using these formulations is that they are abstractions of reality and thus an
error (maybe minor) is always associated with these formulations. This minor
error can accumulate in an iterative simulation procedure like ours and can
finally become very significant. To illustrate this fmportant and critical
point, one of the formulations which were .developed on data is used as an
example. For Lake Kissimmee, with the storage of 370,000 acre feet, the
developed equation simulated a stage of 52.68, whereas actual stage is 53.00
showing a difference of 0.32 ft. (i.e., approximately .0.6% error). If this
error is carred out in the same direction for every 3 hour computation, then,
in a day we may have an error or more than 1 or 2 ft. in our simulated stages.
This also indicates that statistically derived relationships with very high
correlation coefficients are not always accurate enough for the operationally
oriented controlled water system Tike the Kissimmee Basin. . To increase the
accuracy of these stage-storage relationships to some extent, different forms
of equations can be used, Considering only two variables, stage-storage
tables, it appears that the most accurate method is to use tables directly to
convert back and forth stages and storages of the fourteen lakes of the upper
Kissimmee Basin. Since our total input data set is well within our tota]
computer memory allocation, it was decided to use directly tabulated values
of stage-storages (given in Tables 17,18,19,20 and 21) with the necessary
interpolation process instead of using the developed formulations. It is to
be noted here that this decision is justified in our particular situation
wherein there is availability of additional memory core and tables with only
two variables required to be stored. For tables with more than two variables,
however, use of formulations bhecomes more convenient. Thus, for two variable
systems, tabular values are directly used whereas for more than two variable
tables, formulations are used instead of tables,” :

3.2.3  CONVERGENCE AS?ECT OF OUR ITERATIVE PROCEDURE

Basically, the convergent characteristics of the iterative procedure
assures the right functioning of linear and nonlinear interactions. A final
converged value of storage or stage of the lake after some iterations indicates
clearly the stabilized situation in that Take during that time step. On the
“other hand, non~-convergent nature of the system suggests the wrong functioning
of one or more pieces of the designed iterative procedure. To increase con-
fidence in the final routed values of discharges and corresponding stages of
lakes, control structures and channel sections of the upper and lower Kissimmee
Basin, it is essential to eliminate the non-convergent values.

In our hydraulic analysis of the three lake system of the upper Kissimmee
and five channel sections of the Jower Kissimmee Basin, iterative procedure is
geared to the convergent process for storage parameter. 1In the case of the
upper Kissimmee, storage of the middie lake is made to converge whereas for
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4. While formulating generalized backwater functions, we have initially
used full ranges of dischdrge and stage including unrealistic maxi-
mum-minimum values of stages. However, when it is consistently
observed that the backwater functions derived by multivariate
analysis yielded inaccurate results around operating conditions
because of the unrealistic and unnecessary extreme values, the
range is narrowed to realistic stages only as shown in Table 25.
Thus, the backwater equations are restricted to these particular
ranges. Furthermore, the increment of the stages is selected at
two foot intervals to generate an optimum number of sample points
for the subsequent multivariate analysis,

5. In developing the routing Togic for the water systems of the upper
Kissimmee, an assumption is required to be made to consider a
peculiar situation in C-34 between S-63 and S-63A. By examining
the recorded headwater stages at $-63A, it is assumed that HWE at
5-63A remains constant at the 56.5 level. This particular assumption
enables us to estimate tailwater stage at S-63 and then corresponding
discharges through $-63A and $-63 for the next time step.

6. For the last section of the Tower Kissimmee between S~650 and S-65E,
the tailwater elevation at S-65E is first assumed to be constant.
When this assumption is found to have significant harmful effects on
the final simulated stages in the lower Kissimmee, then the assumed
value is replaced with the recorded values of tailwater stages at
S-65E. _ '

7. As mentioned earlier, the routing methodology for the upper Kissimmee
can be developed in many different ways. After examining various
alternatives about the possible iterative procedure on either storage
in the Takes or discharges in the channel sections, or discharges
through structures or stages at structures, it was decided to con-

. sider three lakes at a time, keeping the storage and stage of the
middle lake variable and the lake levels of the other two held con-
stant. Using this assumption, coupled with a relatively small time
step of 3 hours, we have tried to route the sub-basin model output
through the controlled water system of the upper Kissimmee.

8. The sub-basin model program that we used in this study is set up to
deal with the basin-parameter of a one layer soil system, Therefore,
it is essential to convert basin parameters of a two Tayer system to a
one layer system. In other words, the current sub-basin program takes
only the basin parameters of the third layer, although the program can
be modified to include more than a one laver system.

3.2.2. USE OF TABLES VERSUS MATHEMATICAL FORMULATIONS

Like any other simuTation procedure, our hydraulic simulation methodolbqy
is heavily geared to the mathematical formulations based on the tabulated values
of the key system parameters. In other words, the mathematical equations are
developed to be used in place of tables. There are many advantages to doing
this. First of all, using the formulations with their corresponding coefficients
requires Tess computer memory. Secondly, it is possible to obtain the value of
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2. The relative importance ofhgate openings as against the head
difference across the structure in the discharge rating formulations
for the contrel structures, ,

3. Effectiveness of the net refinements in the various parameters and
formulations in the sub-basin model and the routing model. This is
particularly encouraging because the Tnadequacies in the formulations
and sub-basin model have caused significant differences in simulated
and historical stages of Lakes Cypress and Kissimmee in the first
pass attempt. Subsequent refinement in the sub-basin model and the
development of a better procedure for correcting channel formulations
have reduced the significant differences to a manageable level where
further fine tune-up is possible if required.

Although the details of sub-basin modeling and routing methodology are
separately described in the previous section, there are many salient points
that come into the picture, especially when these two important pieces are
combined to obtain the required routed discharges and simutated water levels
in the Kissimmee Basin. Since it is essential to interpret the results of our
methodoTogy in proper perspective, these points are discussed in the following
section. _ :

3.2 DISCUSSIONS

While developing and refining ‘the various procedures that are responsible
for the effective functioning of the hydrologic and hydraulic simulation of the
Kissimmee Basin, the following assumptions are made.

3.2.1  ASSUMPTIONS

1. The set of basin parameters that was prepared by Lindahl and Sinha
(39,40) and subsequently used in the sub-basin model by Khanal and
Kiker (23,42) is assumed to be realistic. Although it is possible
to repeat the time consuming task of deriving and recomputing these
basin parameters, these values are granted as "given" mainiy because
of the fact that our main emphasis of these effarts is on the com-
pletion of the development of the methodology of the operational
watershed model and not on.repeating the previous work of refining
the sub-basin model. However, considerable effort is made to
understand the physical meaning of these basin parameters and to
perform sensitivity analysis on these given numbers.

2. The backwater output obtained from the program of EN70 and E081 s
checked for a section of C-38 between $-65 and S-65A. Therefore,
for other channel sections it is assumed to be adequate for develop-
ing backwater functions. '

1

3. The selection of the value of the Manning's coefficient n is made
based on the previous parametric investigations (39) and thus the
value of n is assumed to be 0.018 for channels of the upper Kiss-
immee and 0.025 for five channel sections of the Tower Kissimmee.
If, for some valid reasons these numbers are to be changed at a
later date, it is possible to easily modify the developed program
to incorporate such change. B
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Table 32. Distribution of Magnitudes of Absolute Differences Between Simulated

and Recorded Values for Three I1lustrative Points Including Tailwater
Elevation at 5-59, Taiiwater E]evat1on at S-63 and Headwater Elevation

at S- 65
Absolute Difference Tailwater Tailwater Headwater
(D) _ Elevation , Elevation Elevation
in. ft. at $-59 ~at $-63 . at S-65
0 <D<0.1 349* C 025 264*
0.1 <D <0.15 233 | 350 131
0.15 <D <0.2 | 338 A 92
0.2 <D < 0.25 256 s 121
0.25 < D < 0.3 243 | 279 165
0.3 <D <0.35 214 | 182 210
0.35 < D < 0.4 242 ‘ 122 218
0.4 <D < 0.45 3 4 175
0.45 < D < 1 521 5 593
D> 1.0 191 96 951

* Number of times in a year the abso]uté difference observed to be in the
range of Column 1. Please note that there are 8 times in a dav and 2920
times in a year considering the time step of 3 hours used 1n the model.
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APPENDIX VI

Tables for Computing Correction Factors for Downstream Stage, Upstream Stage
and Storages for Five Pools of the Lower Kissimmee Basin
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APPENDIX V

Tables for Computing Correction Factors f

or Discharges for Seven Channe]
Sections of the Upper Kissimmee Basin. ‘
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120.000
1r0,0%0
1r0.0N00
170.290
[n0.000
120,000
120,510
120000
120,000
170,070
120,000
120,900
170.900
12n.000
la8.0n0
lag.Cnn
140,908

140,030
lan.0nd
laG.hnp
140,30
lan.onp

NH

012
002
001

012
005
.003
001
001



CHI, P9
65,114
AT7,An7
A%,.503
71,1302
73,00
78.4¢)
41,097
A7, *34
[T 4
67,04
AT, 304
Tl.002
73.09]
75.10)
6i.112
A3, 083

65,120
67,00
AQ.NNG
71.702
73.%0}
Ta,an)

AJ,N1A
AGL,"17
AT 017
£Q,01R
71,09
Ti.M9g
15,000
D Y
&3,.114
ASL,ILT
AT« )R

EL ]

Tlan19
71,019
75.020
Al.ith
A3,00A
AS. MY
A&7."]A
A9, A
T1.719
73.02q
75,720

1. ra2029p

.« 934953529

CetYQns g
LA9YTALN,
PHUTA, T
+HI9T 4R
LNRTA4 Ty
1.7 13323}
l,r3r31253
l.90nng9ae
«HO9Ag T oy
LINDTYG 3R
+ 499741317
99974728
900743554
bo1A7543
1."%42200
1,70M450y

. L 999”40

LGYYRNT TG
TS PETYS
SHRAT LR
L9997445]

5, nna
A5, 1010
AT, 0N
A9,303
7,09

T, 00 -
TS, r68 -

Al,.c0pr
el 1)
A, 00
57.4G1
AQ 1)y
71.7n0v,
73,000
75,309
hl,70
41,00
45100
A7,.9n
Au g
Tt.ron
Tr,.nn0
15,000

207

3.0 3
4,997
h6,999
AP ang
n,983
T2,08p
74,90
AlenAg
A, 0P

ERRY

£ALQG0
AR, an4
0.9r7
77,987

“a,9u

Al.137
AT, 27
AG AN
LI 1= 0]
fR,QRT
Th,an3
72,99
T4 ,0940)

«H9979779
1.0000441)
1.00015657
1.0062 R0
100023573
1.20025716/n0
F. 0002547

«9955Ay5

+9994A789

«999y94q74
1.0001a4277
1.10020%40

1.0002369)"

1.7002%277
1+20025440
+99R832745

. 99957749,
2 999y54 04
1.000]1139a
1400019754
1.0002370,
1.990253a3
190002555,

lea,nr9
]GO-“"O

1A,

1en, Ges
laf,nng
150470
) S A Y
lea,nep
len,o»

IHE.QJO
1an,.3vp
120,460
120,04
lan,en
120,u~0
260,00
20,000
270,000
240, 0an
?6')5"")0
270,280
?ﬁﬂ.cuﬂ
200 480

029
Nla
007
.00
L0n2
«N0)
L0
. 097
. 13h
017
O0a
L004
002
L
00}
L1118
N
020
.010
005
L0027
N0
« 001



s

57.381
89, 30w
Bl1,.L02
A3. 21
AG, VA0
AT {0
RO, 0r
T1.r07
7]- A
75,°0r
3 e
61,714
53,02
L |
AT, 00
AQ, AP
AR
7']. SAn
T8, 1hn
5@, -7°
1,713
A3, M5
AR,502
£7.0)
AQ, D0
7l.'0n
73,711
75,00
59.1722
Al, 22
A3, 03
A5, e

AT, 07 .

A9, 2]
71,517
73, nnr
75, =
Al. 37
A3.713
65, A
AT, 003
AT, 1]
71.79)
73,090
TR, 00
fl. 44
A0 14
A5,013
&7 ,7Ng
AQ 0 np
7] c"rfl
73,001
75, a0
LYY
A3, 23
65,711
AT..05

A4, 1m0
Tl.n01
73,700
TS, a0
A1,173

rus

ST.r 13
S9.014
Flaclh
~1,118%
SR
T, MR
AQ 51T
7.7
T3.01R
75,"1R
9. 1a
Al,."18
~3,919
ST
LA
9,617
71,518
73.00R
75,114
5= IR A
[ AP
£33, 1A
“S, .16
“7.r17
A9, 517
7l1.71A4
T3, 9
75,019
G, 1
A1, -15
A3, 16
A5, 1A
14317
“9,ata
71, 1A
73,719
75,019
Al G
£3,° 1%
ARL,T
AT 517
£Q,91R
71,71A
TANG
ESIANY- 3
“i,018
£3.016
AG5,7 17
T, L7
QR
Tl." kY
73,14
75,020
AlLL,5 bR
A3, 1A
AS L.V T
a7."17

A9,714
71,719
Tl,%19
75,020
ALk

HEACTOR

La" 515247
LH9gIA TN
SANITITY)
JUYYTTATRA
.G4997A1 38
P QUYTGAY
LHYRTRAT
S IYITSRIG
LY TRESS
LU99T54 20

l.2rauls]
L 94945597
ML EEY -]
LH9YTRIARY
99975249
L9975 44
LYY TS

«HIYTHERAD
LG94 T2

1.7 29416
L9 REA]
L,HY9EYE oA
LHGNTAL S
LHUYTARITA
L19497470
QYR T74595
LV IV AN 4
L9999 7432p

1o s1AR194p2

l.77311123
JUNRTADL
CHEYRIYL 2
SHAGTTIERp
L9998 T5 9019
SNHI TG Y
LHYITa AN
LIY9TLN 3G

1. 114284924
L 9439532
LHH9RATRS
. 9997885
«QU9TRATT
LHY99754497
L9 T V440
LO997321]

1.0 950057

Pott 846 3uynsy
«QYLGRARGH
LANYAN] A
L U9 RYL]
LHE9T7S5 )
LHY TS5
LU T AP

T.-m212767

1, 10345
LHNYY A
WYY 499

NG TRTARY
FHUGTHTSA
Y THNTY
LUNYTIL TS
Lerile22]0

ﬂ@

57,00
59,7100
Al.n9Y
A1,°07
AR, 100
AT,.N0N
AY 0L
Tt,nnn
71,400
76,000
59,7400
Al,02
Al ngar
AR, 0"
LY A e
69,5010
71,939
7T3i,.nNn
75,058
5900
H1.100
6,000
65,909
AT G0N
A9, 008
71,007
Ta,a00
T8,°6¢
59,0
Al 0N
A, NG
RS, 000
AT.aN00
A9, 102
71,707
TR g0
I, 000
BE.a0n
AJ, 00
qAS, 00
a7,00n
63,500

71,600

73,009
78,00
Al 00
67,1200
AT A1
AT, 0N
AY D

AT L

71,490
75,000
Al ,600
AT fin
h4 a9
£7. 500

a9, 1N
Tl.r02
73,9001
75,000
Al,hQn

rIrrRSsa

cns

7,294
SR,Q95
hG,GAR
A2 9RA
AL , 984
AR ,004
AR, 3R
70,991
TP .,0A2
74,987
59.n]4
A% ,0Q]
AP,.QAT
A4, QaY
AALQR7
AA_QR T
70, Gn0
77,085
T4 ,QR1}
S GU (154
0,994
~7,089
AL L QR
A6, UAY
AR, QR
70,942
72,981
74,9R1
sa, |07
A1, 207
£P.3Up
a4 Qa8
T S-T 153
~R, a7
73,982
T2.94]
74,981
Al.n1R
T A2,997
A4, 9R9
AR, QR4
&R, 9A7
70,983
772.94]
4,980
Al,21)
63,002
L, 9y
A6,Q07
AR, 994
70,94
12,982
T4, ,GR )
(3 BTN
AR, 007
LY IRTTA
hh, 000

i

AL, GRG
h.yap
" T2.aR>
T4 ,94n
tlenn?

206

NFaCTOR

e 904 BTG
1.0000813n
1.00020273
1.90022125
1.900238c9
1.000240721
1.7002414/8
P.00024311
1.90024450
l.000245R5

+999598A0
1.000]1640R
1.000212M
100023020
10002074
1,300248K]
l.00025004
1.00025143
1.3002577R

99905957
1000032739
1.90014R74
1.,0002189)
1.00023827
1.000257267
1.00025410
1.000255449
1'.C00256R4

JY9R|RITA

«999HRATY
1.00012400
1.00019101
1.00022427
1.0002410%
1.00025697
1.00025A36
1.0002597>

«H9971pR1
1.000044/8R
1,00016247
1.00021152
1+00024324
l.00024512
1.2002A040
10002645

99949975

29999R9 14
1.00013253
1.0001944>
1.00023061
1.00024694
1.00024R72
1.00026377

9927214

LHI9H9) 87
1.0000AR9?
1.00018%073

1.000:3215
1.00024A4R
1.0002502R
leC002635)
9989 a9nn

20,890
2H.000
20,000
2010
20,0940
0500
20,000
20,000
20,300
20,000
wQhih
404000
L .050
A0 ,0~0
4l 0ton
40,00
40,900
L4, 0ng
40 NNO

ROLB90

A6 000
AL050
ALO%Y
£QL.0n0
ADLEN0
£0.009
0,000
a0, 000
AO.020
90,910
A0.A90
pOLDGD
RGL.090
RO,In0
an,Nag
aAn,.ORD
ag,onn
l2g.000
120,000

10,000 -

leg,.nn0
1C0.0n0
lan,0n0
F4n.0n0
Inn,an0
120,000
123,060
L2a.0n0
120.0n0

120,000

120.000
120,000
120,400
l.hn.oﬁo
la,0nn
160,900
lan,0g0

Laf,dnn
1ah.000
1an. 000
lana.nagn
140,000

NH
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. 009
002

0072
2001
0010
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590

0
70

RO

1“\

100

NIENSTON KA(PN) Yy Dt (44 h)

NDIMFMSTION MRUF (245), A (2n)

NTMENSTON STMX(120) s COSX(]120) . CF(as2)

COMMOMN Ky GTaEP e STHY 4« C0SKSY o CX o [F 10T

EOUTVALENCE (TASOI aTACIY ) e (F(1)utn(Ty) (GO v TACE D Y e (GDC1) o ]h
1)) (D)~ TAL25)y . (SGEIY«TA(I]) 9. Ny [A(IT7)) (OMTMaTA(39)),
FOVOMOTA (A1) e (CNO(Y) o IAC4T) ) (TK (HY S TA(RYY)

EQUIVAILENCF (TTvJALL)) « (S5A01) . 1A(PY ), (FRIZJA(R)I Y (UNWJAC]0) ) «
T IA(12) )

ERUTVAL ENCE (NPROKATTI)Y s (FOLeKA(PY), (FOP«KA(GY) o (TIOSLaKA(ARY)
FOTLOSZKA(R) )0 (SASVKA(TI0)Y, (TFCuKA(12)) . (VODDWKA(14) ) s (IYSURLKA
FOIAY) e (MPWKA(1T) ) (NFINCHaKA (18}, {IYReKA(20))

DATA ((TRAS(I) «1=1430)=30(0)) e (1GATN=])

NATA ((HEL(I)-I=lv7)=60-6ls62-l?a-1q6a279.341)

[RHE IS BUFFER FOR 3AS TN PARAMFTFR FIIF
JBUF TS BUrFER Fop STATF CONDITIONS FIWLF
NRUF TS BUFFER FOR RAINFALL DATA F{IE
KRUF 1S BUFFER FOR CUMULATIVE VALUFS FILE
MRUF IS BUFFER FOR DISCHARGE NATA FILE

CALL FOPEN (1R1F 23,58, 2)
CALL FOPEN (URIIF 22450, p)
CAY |, FNPFN (NRIIF«21.244518)

CCAM L FOPEN (KRUF«=2400412)

CALL FOPEN (MBUFe=20.20412)
READ (AD«1160) 1YR.IRG

IYFAR = [YR-]14940

NELT = 7

IF {IYR=FYR/4%4) 10420410

TLEAP = 0

GO T 0

TLE AR =

HEAD (4041170) (ADFA(T)+1=]1+20)

READ (a0ia]1180) (anvtl).l=lo5J.ISDAY.NOD;NSUH-IDAY-LDAY
[F {(NSHH) 10S0.1050,50

I = NSIR

TRAS ()Y = NSUR :

READ PARAMETFR VALUFS FOR THE SFLECTED RASIN -

CALL FOET (IRUIF « TANSIHIR)

WRTTE (61+1190) Msun.crAS(IV),rtIV).G(IV).GD(IV),0([v>.lv=1.3).n.
$SG-DHTM;VHM.(CNR(IV)-TK{IV)-IV:I'Q)

ESTABLTISH THE LLAYERS THAT EXIST IM SELECTED SOOIl PROFJLE
NN AL 1=143

IF (TAS({I))Y 70.60.80

CONT ITNNIE

WRITE (6141070) I.NSUR

GO TO 1060

NT = 1

IMITIAITZFE YHF SYSTEM FOR THE RAS T

PEAD STATF CoMNITIONS FOR THE HAS TN

o S gsig=1) )

FJll = [ Jets

NN ton 72741 1N

CEUL FA0T o, e, 01

SRR I

[\“ o l ‘..’

"J"(lctoﬂ‘ . !‘“”(I Y

Waort o w] Y0 vy |‘o“:'\lc“‘1OV“t(ft\in{1|1_‘-'o'”"\;|_\-‘:'|.4.\-_I‘.!:l-é\
ST e gy

CONTINUF
WRITF (Al«10AN) ISDAYNSUH
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STMX (K-

5% =

CX = CnSX(k) .
¢ COMDLTE INFTtIRATION 10 FIND our tur CHUPREMT STATUS nF SA AND nf
. It Tne LAYER <Y, AND neg

C SU4ROITIME GIEP CALCULATES GL AMD FD
210 CALL GiEp

AF = Giea

FIY = ,pon3

FR1 = AF“SA(NF)**I.4+F(NI!

IF (FQ]*DT—fVDfPP(K))) 22042204230
220 DELF = Fpisnt

GO TN 24n
230 DELF = VN PR (k)
240  SAp = SA(NIY-DFLF

1F (Spap) 2502502690

250 542 = p,
260 FRr» = AFBSA288] qaF (0] )
FAV = {FRI+FRPY /2.

IE CUFLF /DTy =FAY) 2R0e28G4270
270 DELF = DELF~0.001
6N TO 249
280 IF (NFLF = (PR (K) +VNY) 30043004290
290 WRITF (A1v1100) DFLF«PRsVD K
G T0 1060 :
S300 VD = vpePR(K) -NELF K
VM = o
TF (vn-vpu) 310+320+320
310 DPE = g, :

GO TO 130
329 DPF = VD =VDM
V) = vnM
330 SA(MN]) = <ap

TPF = TPF+npE
DF = NFE+DFLF
TPF = TRF+DPE
C COMPUTFE 1n0SSES DUFE Tn EVAPN . s TRANSDN, « AND DPL+AND FINN QUT THE
C CURRENT STATUS OF Sa [N EXISTING LAYERS OF S501L PROFTIE
SAT = qh(l)+SA(2)+SA(3)+(F(3)”DT)
IF {SAT-TAST) 350.350,340
a0 IF (1RUG.FQ. 1) WRITE (614+1210) qATqTQST!NSURvMD
SAT = TAST
350 LOSIT = {l.D-QAT“D/(DWTM*GT))*EP"PDAN*DT/EQ.
LOS?2T = GI*FP*DPAN*DT/PQ.O
ZAST = 2. O0¥TAST
LOSAT = LOS?T“(((7AST—SAT)/TAST)-0.Q8)
LOS2T = LOSIT+L0spT .
IF (7L0S2T-.00142) 370+370+360
360 ZLNSPT = JNHO1ART7
LOSAT = LOS2T-LosT
GO TN 194
370 IF (7L0S2T-.00044) JA0 380,390
80 LOSPT = LONDAT
190 LOSTY = LOSIT
LOST2 = Lnspy
C APPORTTON EVAPORATIVF L0OSS. LOSIT
XF = p,
DO 720 [=NT.3
IF {LnsT) 4004004410
400 LOST)] = p.,o
TLOST = TLOS1+L.NST)
FInT = 0. | - 44 -




’

) TR oap
w | D I AR ST I
L AL B SIS IR I I i
Gy TN 1 0RN0
4 3N X§F = IBERR!
Gan FUE L) = G(1)=3A(T)
TE voe [ GRAn, 450
(/8% e (r-1 "J('nnnﬁ;*o-fa.'%f)
G6h0 IF (F”F(IJ~((F(I)—XF)*DTl) 47044704530
G470 SALTY = SACIY+FRE(T) .
. Fy = FoF (1)
"Sf\fl’ilj = q/\(l‘l)"’:!
STATEN WA NN I
o N E S F R R AUN G Ry LR

AN SA Ty = SAETY AR [y
oy 1ny ern

S0N SA(TY = SALIYeF ¢ 1yung
TEC = TECo(F ]y =nT)
D= D s tr{ryenm

Fuerely = FREAIY=F(1)yanT
LY TN a0
N TF (1= 589,500,500
e = fFesrroe )y
DL = D sFRF ()
far T A
530 SACT)Y = SQ([)¢((F(I)—XF)“HT)
Fl] = FelyeEnr
SA{T+1y = SA(I+1)-F
FROFE(T) = FDF(T)—((F(I}—XF)ﬂDT)
540 IF (FRPE(1y=LOST ) SR04550.5A0
559 LOST(IY = FRE()
nNOTN w70
GAN Lasyory = Lastt _ -
570 [LnNT) LOSTY-t NSy (1
SA(T)Y = SALTY+LODS) (1)
Tt.N51 = ILOST+LNSI (D
D= ™M +1.051(])
> APPORTTOM 1L0OSOT, TRAHSPIRATION |L0O6GS
SN STy = TAS{TY=SA (T}
I (St 590454904400
590 SA([)Y = TAS(I)
G010 gan
ABOD TF IS (11 =-1L05T2) AlNAIN 62D
10 LOS2(1y = 5|
GO TN 3
620 LOS2(1y = LNSTp
630 LAST?2 = LOQTP-LOSP([)
SAalry - SA{LI)+ENSA ()
DL = DLsns2(1)
TLNS? = TLNSZ2+1.082 (1)
COMPUTE DECNAVERY oF WATFER TNTN STREAM CHANNFEL FROM FarH NF THE
FXISTING [LAYERS [n THE SOTL PRAFILE ANN.FINp OUT THE CURRENT
] STATUS 0OF §A IN EACH OF THE EXISTINA LAYERS
640 56G(3) = 15.00
Ni3y = ,pnp
S0Py = N{TY/S6 (1)
650 FRrFn = GDETY=SA(T)
IF (Fuep) pan.aR0.670

TN

-
-
N
.

A0 GDITY = ()Y e].n
G0 TN w49

FIY ERER] = FopEn
1T =

- 45 -




690

e NeoNe]

700

710

720

730

735
740

750

760

770

780

790

ROO

810

RZ20

A3g0
R4
A50

FR = FRED-QVENT
TF (ARS(FR=-FREN1}~,002) 710+710+690

FREDL = FR

11 = 11+1°

IF (I1-100) 680,680,700 o
WRITE (61+1120) FR+FREDI '

GO TO 1060
QVOL (1) = avent ,
FQIKeI) = QVOL §10 .

FOlU = FOQL+FO(KYT)

SACI) = SACT)+QOVOL(T)

DL = DL+@vOoL ()

TQ = To+QvoL (1)

CONTINUE

FO(Ke4) = NPF

FO2Z = FR2+FQ(Ky4)

CONT INUE ' - ,

IFIRST = ¢ R T

SAS = SA(3)+SA(2)+SAL]) B

IF (IBUG.NE.1) GO Tp 735

WRITE (61+51220) PRIZFQIsFO2sTLNS1+TL 0S24SAS» TECVNNF DL

ROUTE WATER FROM EACH OF THE FOUR RFSERVOIRS BY SAME BOUTING .
FUNCTION BUT WITH DIFFERENT TIME CONSTANTS AND DIFFERENT NUMBER
0OF CASCADES : :

DO 740 I=}+8

QFIN(L) = 0.

N0 920 I=NIl+4

QFF = 00 ot .. |" I‘
Nl = ] U T o
N2 = 15 R O e A

N0 760 U=1+A

DIS{J«1Y = 0.

DO 750 N=N1eNp

DIS(Ja1Y = DIS(JsIY+FQIN D)

N1 = N2+1}

N2 = M1+14

CONT INUIE :

IF (NSUR-4) 800+770,R00

Cl = 0,02 o

C2 = 0,98 N .

IF (I-4) 78047904800 “ 'y
UM = CNR(I), :

Cl = 0,12
C2 = 0,88
GO TO 81L0
NUM = |

Cl = 0,15
C2 = 0,.BRS
GO TO Alp

Cl = 2.“071/((2.%TK(I)1+DTI)

ce {(2.°TK(I})-DTI)/((E.*TK(I))*DTll
NUM = CNR(I) LA RER R e

DO R0 L=249 e T e
D0 RS0 M=1 .NUM

IF (M=]) 820+820+870 :
END(L«TaM) = Cl1#DIS(L~191)+C24END(L=1+1 M)

GO TO A4D

FND(L+ToeM) = Cl*((FMD(LgI-M-1)+END!L-le-M-ll)/2-)+CauEND(L-lsI.
IF(END(L+EsM) eLT.140E=-50)1END(LsIsM} = 0.0

CONTINIE

QF IN(L=1) = QFIN(L=1)+END(L s I +NUM)

- 46 -
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ABD  COMTINUE
N ATO T1=1.8
B70 QFF = OFF+QFINC(I])
IF {(1-4) R90+980+A90
BRO OQFG = (QFF/B.)=-OFG

OFG2 = QFG2+0FG
OFG4 = QFG2%8,
GO T0 900 .
R90 OFG = QFF /R, f’g - )

NFGL = OFGYI+QFG !
OF6G3 = QFGL#A,
900 DO 910 M=z].NUM
910 END(1+1sM) = END(Oy]+M)
920 CONTINUE
QF INCH = n.0
NG 930 I=1.8
OF INCH = QFINCH+QF IN(T}
IF (QFIN(D) .GE.15.0) CALL' ABNORMAL . |
930 IQFINCI) = QFINCI)I#10000. ~ .0 . 9 . "
DO 940 TI=)145
IF (MP~ISAV(I)) 94049505940
940 CONTINUFE

GO TO 970
950 JI = 1
IT = Mp

DO 960 J=1+6
D0 960 I=1+4
960 DUM(IeJ) = FND(LaTeJ)
C UPDATE STATE CONDI?[ONS_FILE :
CALL FPUT (JBUFsJALT.)} ) _
WRITE (6141230) TJeITo(SA(I)9I=1¢3)YsFR1I VDo {(END(Llols g} rvI=1sds)ad=]

S}
I1J = TJ+1
ISA(ICY = IT
IC = IC+1

970 10FT = 0
- DO 980 I=1.8
980 1QFI = IQFI+10FIN(I) |

00 = QO+INFI/R0000

OFI = (1QFI/10000.)%26.9%AREA(NSUB) = - ;
QFTT = QFIT+QFI B A R LY T S oy
NPR = PR1%100.+.5 ' o

voDn = VD

"C WRITE OUT CUMULATIVE VALUES RECORD
CALL FPUT (KBUF +KA+1.)5)
M0 = MP/31+1 :
IDY = MP=((IMD=-1)#3])
. IF (IDY) 9990+990,1000
980 INY = 13}
- IMO = 1MO-1
1000 MA(1) = IMO , N
. MA(2) InyY R e Sy bt o e, TP
MA (D) IYR=-1900 PR ' ST
DO 1010 MNA=].8
MA{MNA+3) = IQFIN(MNA)
1010 CONTINUE

0ot

MA(12) = NPP
MA{]13) = NSUR

MA(14) = FOL1#10000.0
MA(IS) = FO2%210000.0
MA{IAY = TLOSI#10000.0

MALET) VLOSZ2#10000.0
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ﬁ

[V URF R 3Y

MA(P0) = VDDD“IOOOU.

C WRITE nUUT DISCHARGE DATA RFCNgQpn

CALL FPUT (MBUF +MAS (TYFAR-T) 470684+ (NSUR=]1) 8372 +MP)
1.5 = 1.8+1}
IDAY = DAY+
JNAY = JnAY+}
G 1O 1040
1029 IDAY = IDAY )

C UPNATE SINX AND CNSX ARRAYS FOR DAY NOT PROCESSED

C

C
C

R IR I B e B BiFen

DO 1030 K=1+120
CALL GYEP
1630 CONTIMIE
1040 CONTINUE :
WRITE (61<1130) ISNDAY «NOD«NSUR
WRITE {(6]1+1140) TSALNSUB
NSUR = NSUH+]
IF (NSIIR=30) 40.4041050
1050 WRITE (A1+41150) [RAS
1060 CALYL FCLOSFE (JBUF)
CALL FCLOSFE (XRUF)
CALE FriOSE (MBUF)
CALL FXIT

1070 FORMAT (33H FDRﬂD...TAq IS5 NEGATIVE IN LAYER+T2+3AH OR TAS IS ZFER(
% IN ALL LAYEPS DF HASINs I

10A0 FOPMAT (14H ERROR,..ISDAY«IGs34H DOFS NOT MATCH IT VAILUES FOR NSU$
G172

1090 FORPMAT {4H K =+13+45X+8H PR{K) SeF1IN.S5«S5Xe7TH NSUR =+171)

1100 FORMAT (16H ERROR, , ,NFELF ISWFR, 44274 GREATFR THAN THFE SUM OF PRJFF
$e4eTH AND. VD9 FRLGe10H OM DAY MO T4,20H AND TIME INTERVAL Ke[3)

1110 FOPMAT (1aM annw...ul [SeT13+RHMEGATEIVF)

1120 FORMAT (SAaH EPROR,,. FR ANn FRENL ARE NOTF WITHIN THFE + IMIT OF 0 0
%5)

1130 FORPMAT (17H RUM BEGAN ON THE»I3+16H DAY AND RAN FOR«T1+26H DAYS F(
TR THE RASIN NUMRBFR.12)

1140 FORMAT (35H STATF SAVED ON THF FOLLOWING DAYS-;S(I?vEX).lTH FOR B2
FSIN NUMAER.TI/1H]) _

11548 FOPMAT (32H 88SINS THAT WFRE PROCESSED ARF=+30(1Xe12)

1160 FOPMAT (14+75Xe11)

1Y70 FORMAT {10FRB.0)

1180 FORMAT (2014) )

1150 FOPMAT (1M} +SHRASIN, (22134 PAPAMETFPRS =//1H C16FT,0//71H +16F7.0)

1200 FORMAT (1HOs LAHSTATF CONDITIONS =/1H «ISe3F0,04F5.0«FO,0/HO12F10
$.3/1HDGW12F 100

1210 FORMAT (1HOWS5HSAT SsF1N.SeIX46HTAST =sF10.5+3XeAHNSUR =+ [ 343Xy
FUHMP =, 16/) _

1220 FORMAT (1H +O4HPRI=4FA, 342X 4HFO1=oFA, 3. 2XeGHFN? = 4aFA 3 2Xv6HTLNOS Y=
ST a2 s hHTL OG22 4F 7,4 42X 0 4HSASZaFA . 342X 4HTFC=oF5, Wy?xs?HVD—.Fﬁ 3
BXaIHNF=eFAL3+1Xa3HDI . =oF6,.3)

1230 FORMAT (217+SF10.6/12F10.6/12F10.6)

£

SURROUTINE GIFP
THIS ROUTIME COMPIUITES THF VARTARLFES GI AND EP USING A SIGMIFICANTLY
MORE EFFICIFNT TRIGONOMETRIC FORM, THE ORIGIMNAL FORM IS SHOWN IN
THF FOILOWING COMMENT STATEMENTS.

Gl=n, qo]ﬁ‘(0.]607*9[”(9[*X))-{0 2571HCNAS{PIEXY) - (0, 0608“SIN(PI“X”P
1) =(0.02142C05(PI8X#2)1)-(0,003685IN(PIeX®) )+ (0, M224COS(PTwXaA) )~
2{0. onnn*SlM(p!vx*ai)—to 01178CNS(PTaXes))
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SR EsEeNele N Ne lele Wolle WONESEEN

F“f0.]6390(0.073“%!prlﬁxl)-IU.HRTRﬂCﬂﬁtPIﬂX!)—(0.001?"51N€P1”X"El
]}—(0.9|?3*COS(PI*X5P)}—(O.HURB*qurPI“X“3))-fO.ﬂO]h*CﬁS(P[*X*J))‘{
POD0NRESIN(PI®X#4) )~ (0,001 ,4COS(PTHYXE4) ) :

IMITIALLY. 20 VAILUES OF SINX AND COSX ARF COMPRUTFER TN THE MAIN
PROGRAM FOR K=14129, THEN GI AND FE® ARF COMPUTED IN TERPMS OF
SIMGLE ANGLE FUNCTIONS,

THEN (WHEN TFIRST.NE.1)s SINE AND CNSINF VALUES ARE COMPUTED AS A
FUNCTTON-OF THE PREVIOUS ANGLFIS STINE AND COSTNF, G1 AND EP ARF
THEN COMPUTED IN TERMS 0F SINGLE ANGLF FUNCTIONS,
+990RS2/477 IS COSIH.PRIIAS3/3A6)
+M1716632975 1S SIM(6,PA1853/166)
AN ASSHMPTTON ISeese MP IN MAIN PROGRAM ALWAYS INCREMENTS IN STEPS
0F 1. : :
DIMENSTON SINX(120) . COSX{120)+ CF (9.2}
COMMON Koﬁ]~ED¢SINX~COSXoSXiCXQIFIPQT
DATA (tCF(I-l)-I=l.9}=.5915a.1607.-.257].-.1376.-;0P1A.-.0036~.
F0122+-,000R+~,0335) )
DATA (fCF(I'?’vI=l-9}2.16390.023o-.0575v-.006b~-.0123--.0025~-.
$0014+.000Re~, 0038} :
IE (IFTRSTLENL1) 60 10 10
SX = «OGAS2HLTTESINX (K} + ,01T1AA32755CNSX (K)
CX = 99985264 TT#COSX(K)=,01716A379754S INX (K)
10 SCOSX = SX#CX o :

COSNPX = CX#CX
COSCRX = CosSnuxs=ry !
CSaTHXY = COSCAX#CX

STMCRX = SX#SX®#GX

I =]

20 v = CF(]qI)+CF(2oI)*§X*CFt3'I)“CX+CF(¢-I)“QCOSX‘CF(S-II“(E.O”
%CUQOWK-I.0%+CF(6-I)*fR.OﬂSX*Q.ﬂ*SIMFRX)*CF(?.l)*(A.O%FOSCHx—3.0*CX
$)+CF(R.[1*tH.OGCGSCRK*SX-A.O*SCHSX)+CF19,[)ﬂ(CQhTHX-CnSQRX+.]2§)

GO TO (I0«4ny o |
30 Bl = vV
I = 7
GO TO 720
410 FP = vy
STMNX (K)
COSX (K
RETURN
FND

5X
Cx
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PROGRAM DESCRIPTION FOR THE XPRINT PROGRAM (E095)
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PROGRAM DESCRIPTION

This is the last step in the sub-basin model as can be seen from Figure 1. The.
sole purpose of XPRINT is to print the hydrologic components on a daily and
seasonal basis for all 19 planning units which are shown in Figure 2. The daily
and seasonal values are computed simply by averaging the 3 hour estimates
generated by the BASINMOD program (E094).

T. Card 1

Columns
Columns

2. Card 2

Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns

3. Card 3

Columns
Columns
Columns
Columns
Columns
Columns
Columns
Colunmins
Columns

4. Card 4

Columns

1-4
5-80

(A1

1-8
9-16
17-24
25-32
33-40
41-48
49-56
57-64
65-72
73-80

(A1

INPUT CARDS

IYR (year of simulation)
Unused

values must include a decimal point)

Area of Planning Unit 1 in square miles.
n n 1] L]

L] H n

W00~ OT WY

1 H n ) 1] 'IO n " n
values must include a decimal point)

Area of Planning Unit 11 in square miles.
H | 1] L] n ] 2 i " n

IBAS: These columns specify which planning

units are to be processed. Each column corresponds
to a planning unit (1-19). A 1 in a column

causes that planning unit to be processed. For
planning units that are not to be processed, the
corresponding columns must be left blank.
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cumulati
Hords 14 and 15. VD (depth of

FILE FORMAT

The XPRINT Program requipes one input disk fie With the following details:

File description. Cumutative values
Logical Unit: ' 24
Record Tength: 20 words
BIocking factor: 12 )
Disk File Format
Each record of gjgg file 24 pas the fo]low1ng format
Word 1 NPR (cumulative rainfall vajye . Integer x100)
Words 2 ang 3 1 (cumu]atiVe daily valye of watep received frop
sof] reservoir) - peyl
Words 4 and 5: FQ2 (cumu]ative daily valye of water ip an overland
réservoiy) . rea
Words 6 ang 7: TLOST (cumulative daily vajye of E€vaporation lToss) - real
Nords 8 angd 9: TLOS2 (cumu]ative daily valua of transpiration) - real
Words 1g and 11: SA5 (current?y available storage ip $011 profile at the
end of the day) . real '

Ve daily vatye of deep Percolation) - real
water in Surface depressipong €xXpressed ip
inches) - real i

Words 12 ahd 13:

Word 16 - NSUB (Sub-basin Number) - integer

Hord 17. Mp = day number - integer

Words 18 ang 19: QFIT = 3 hourly routed runoff iy inches - pag1
Word 29. IYR = simulatipn Year - integep

MACHINE CONFIGURAT [N
_

PROGRAM LIMITATIONS -
— A LIMITAT I0NS

1. The XPRINT program provides arprfnt—out of daily values, monthiy averages and
Seasonal averages, It does not print oyt hourty op 3 hourly v, ues ,
This Program js Currently designed to handle 19 p]annfng Units for 3 one

o
»



SAMPLE DATA

1970

50,5046 37.9062 57,6843 89.6703 52,9312 185.6640112.7718398.754689
109.8500197.7835197.78909ﬁ;7046 150.80

2265 119,63¢
ISR RNCERRRRESRERE

229.76 .79.36 . 163,44 S56.68 0.0
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PROGRAM E095

PURPOSE :

DISK:

CONTROL CARDS:

CARD INPUT:

OPERATING
INSTRUCTIONS :

ERROR STOPS:
TIMING:

PROGRAMMER: Paul Berger
Ashok M. Shahane

To print out the datly values, monthly averages and
seasonal averages for hydrologic estimates of 19 planning
units of the Kissimnmee River Basin.

6000

$J0B, 8430-305, E095

$RONL, 854/6000

$FET, WATERPLN, XPRINT, 960

$OPEN, 25

$FET, WATERPLN, CUMULATIVE VALUES, 1024
$OPEN, 24 ' .
$LOAD, 25 '

~$RUN

Insert card inpuf‘here

$CLOSE, 24

$RELEASE, ALL

1 card with the year identity,

2 cards with areas of 19 planning units,

1 card with ones or blanks in the first 19 columns - at
teast one co]ump must contain a one,

No input tape, no output tape
None

About 1 minute per planning unit, maximum of 20 minutes total.
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PROAGRAM XPRINT

COMMON PRULIZe31IaFN012431-FONII20311 e TLOSII2¢ 1) o TF(12+31)
COMMON QF T(I2+31)«SA(1P931) VDD (12.31) S AREA(20) +OFIN(12+31)
CAMMOM OFTALTIZ«31) aRATN{IZ)Y «SURFLI2)aSURF{I214ET(12) «nEFP(12)
COMMON STMFL12) « STMF2([2) «STMFL(12) « IBASL?0)

DIMENSTON KRBUF (245)
EQUIVALENCE (MPR«KA(]) }

Ka(en)

(FQLeKA(?) ) e

(FOQPKALLY ) W

(TI0SLeKA{AY)

FUTLOSZKA{RYI ) »

(SASKA(L10) )

(TFCsWA{LEP) )

{VNaKA(T4) e (NSUBWKA

(MP«KALITY )Y .

(RFTTKA{L1R) )W

(TYRWKA(20})}

FL1A)) o
) - CALL FOPEN (KBUF +2442%,12)
- . READ (404701 JYEAR
IF (IYFAR-IYEAR/4%4)
10 NDAY = 364
~ ‘GOOTO 10
20 NDAY = 365
. 30 NO 40 1=1.3]
oo DO 40 f=1412
PRIT«JY = 9999,0F+30
FO(T«J) = 9999,0F +10
FOO(T+J) = 9999 ,0F + 30
TLOS(Ts ) = 9999 ,0F+130
TF{I«Jd) = Y990, 0F+10
- OF T{T« )Y = 9999 ,.0F + 1
SAtT<J)y = 9999 ,0F+130
_ OFIMILJ) = 9699 ,0E+ 30
b OFTALTJ) = 9999,0F+30
VDN(Ts J) = 9999,0F +13n
a0 COMTINUE

10+20+10

. KFEAD (AD.4R0) AREA
READ (60+490) [BAS
K = 1
I " S0 TF (TRAS(K)) 24042640460 _ .

60 NGHR = K
N 70 TMD=1417

RATN(IMO} = 0,
SUDF ([M0) = 0.
SURF (TM0y = 0,
L C FT(IMOY = 0.
NDEFP{IMO) = 0,
STMF(IMO) = 0.

3

STHF1IETMDY = @,
70 STMF2(1M0) = 0.
1JS = 722 (NSUR=1) +1
[.J6 = 1JS+NDAY
DO 130 I=1J5.1J6
CALL FGET (KBUFsKA, )
PR} = MPR/IOO,
1o = MP/31+1
1D = MDD~ ({TMO=1)#3])
IF (1D) B0.80.90
a0 In = 3 )
MO = [MO-1
90 [F (1-1J5) 100+100+110
100 PR{IMDLIN) = PR}
FOLIMOLIDY = FO)
FOO(IMALINY = FOP
TLNS(IMOINY = TLOS)+TLOS?
TECIMOLIN) = TFQ ‘
¢ QFTCIMACINY = OFT1#2A,9%AREA(NSIIH)
OF TN(IMOL1D) = QFIT

% 9

,
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Y % 9 3 9

120

130

140

150

160

OETACT DTN = QF (140 Ty ) ,49315
6 T 120 : '
PRUIMOGIPY = PRI-PR2

FOUIMOL I = Fol-Foq
FON(IMNeINY = FR2-Fon?
TLOS(TH0. D) = (TLOST+TLOS?2)Y=TLN
TEOTHNLID) = TFC-TF

NFT{IMASINY = OFTT#24,98 AREA INS!IR)
QFIMIIMOCIDY = OFTY

OFTACTMOLIN = QFF{1M0, D) #]1.98135
SA{IMD,.ID)Y = SAS

VID{IMn«IN) = VD

PR? = pR}

FOr = F

Fanz = FQp

TLO = TLNS]1+TLNSP

TFC1 = YFC

OFTTL = oFTY

RATHTMDY
SIF(TuD)
SHRBRF ( T40)
FT(IMNy =

RATN(TIMN) +PR(TMOIN)
SURFETMOY +FQQLIMO . D)

SURF (TMN) +FQ(TMN 4 I1))
TOIMOY+TLOS(IMNL TN

DEFP (110 DEFEP{TIMO) +TF (IMNWT0)

STHE (IMO) = STMF(TMN) +OF I (IMO, D)
STMEL(TMO) = STUFL (EMO) +QF IN(TMO . TN
STHE2 LTMO) = STMF2 ([M0)Y «QF AL MO, [N)
CONT INITE : )
WRITE (614260) NSUR,IYR

WRITF (61.27D)

WRITF (61«280)

NN 160 IN=)«3} : .
WRITE (6145001 IN«(PPLIMNSIN) 4+ TMO=].12)
WRITE (A]1.290) :

WRTTE (61+300) RAIN

WRITE (6142909

(LI T B VI (R T

Pl = DAIN(?)+DA[N(1}+HAIN(4)+QAiN(G)
P2 = RAIN(G}*QAIN(?)&QAIN(R)+RATN(Q)
P3 = RAIN(10)+RATN(]])
P4 = RATN(Y) +RAIN(]?)

WRITE (61:310) Pl.P2,P3,P4

WRTTE (61+320) NSUR.TYR

WRITE (A1+270)

WRITFE (6147330)

NO 150 ID=1+31 :

WRTITE (61+510) IDe (FOCIMOWID) « TMO=1412)
WRITF (614340)

WRITE (61+300) SURF

WRITE (Al+340)

Pl = QHHF(?)*SUHF(?)+§URF(4)+SURF(R)

P2 = SUHF(6)4SHHF€7)¢9UHF(H)+9HHF(Q\
P3 = SURF(10)+SIRF(]1)
Py = SURF(12)+SURF ()

WRITE (61+319) P14P2.P1.Ps

WRITE (6]+350} NSHR!IYR.

WRITFE (61+270)

WRITE (61+330)

DO 160 ID=1431

WRITE (614510) [D(FAOLIMDLID) o TMO=Y 412}
WRITFE (A]+340)

WRTTE (A1+300) SURF

WRTITF (A1«340)

Pl = SURF (2)+SURF (1) s SURF (4) +SUMF (5)
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’

170

140

190

’no

220

Pa = SHPF (12) +SUBRF (1)
HWERTTE {(614310) Pl P2, 1.P4
WRTTE (6130 NSUR,TYR
WRTTE (A)1.270)

CWRITE (61.330)

fry 170 [MN=]+3] .
WRITE (6145100 D0 (TIOS(IMOIN) o+ IMO=1 412}
WRITE (h]e340)

WRITF (6143000 €7

WOTTF (B1+340)

PL = FTU2)+F T3V +FT(4Y+FT (D)

P2 = FI(AIET{TI+FT(R)+ET ()
PR = FTOINY+ET (1))
Pa = FT12V+ET(])

WRITE (A1+310) P1.P2,P7,pP4
WRITF (61+379) NSUB«[YR

WRITF (61.270)

WRITE (A1.330)

DO 180 ID=1«1)

WRITFE (615101 IDeATFCIMOTIN) s TMD=]412)
WRITE (A1e3a0) .
WRITE (A14300) DEEP

WRITF (61«340) :

DEEP 2y +NFER () +NFFP(4) «+DFFR (5

[ -

P2 = UFEP(G)+UFEP(7'+DEEpfﬂ)*DFFP(QV
P3 =" DFERP(IO)+NEFP (1)

Po = NEEP(L12)Y+DEFP (1)

WRTTF (A14310) P1P2.D1.P4
WRITE (614380) NSUR.TYR

WRITF (61+.270)

WRITE {6]1+390)

N0 19n Ih=14+31

HRTTE (6145200 ING(SACIMOSID) s IMO=]412)
WRITE (A1+400) NSUBsIYR

WRTTF (61+27M)

WRTTE (H14390)

NN 200 IHN=1.3t

WRITE (61+4520) 10 (VDDCIMOVIN) + TMO=4]12)
WRITF (61+410) NSUR.TYR

IRITE (614270)

WRTTE (Al+420)

N 210 IN=1431

WRTTE (A1+530) [N (OF T CIMOID) « TMO=14+12)
WRITF (6]1+430)

WRITF (AleaaQ) STMF

WRITE (Ale430)

Pl = STMF (2) +STMF () +STMF (4) +STMF (5) -
P2 = STMF(A)+STMF(T)1+STMF (A} +STMF (9)
B3 = STMF(10)+STMF(]])

P4 = STMF(12)+STMF (]

WRITE (A1.310) P1.P2,P3,P4

WRTITE (/A1+450) NSUR«TYR

WRITF (&1+27M)

WRITE (61+420)

Do 220 IN=1.3]

WRITE (6145400 1D« (OFTMIIMOSIN) « IMO=1+12)
WRTTF (/147300

WRTTE (61430017 STMF

PL = STMEH(2)+STHRIE D +STME L (4) +STUF] (5)
P2 = STMF1(6) +STMF] (7} 4STMF1(R) +STMF](9)
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Py = %rMFl(]?}+HrMFIfE

WERTTE (A)e470)

WOTTE (6123101 P02 ,0Y,py

WRITE (ATa4€D) MSUR, TYR

WRTTE (A1«270)

WRTTFE (Alenpm)

DO 230 ID=1431 :
230 VRITE (A1.550) ID.(nrfnthn-ID)-Ianlvl?)

WRTTFE (61.4730) + )

WRTTE (615601 STMEp

WRITE (A)4430}) .
QTMF?(?)4§TMF?(1)tSTMFEfé)&STMFafql

1}
)

Pl =

P2 = QTMF?(B)*QTMFP(T]‘QTMFE(R)*STMFZ(Q!
P3 = 9TMFZ(]0)*STMF?(I!)

P - Qtvr2(|21451urp;])

WRITE (614570) ©)ap2.p1.ps
P40 K = K

IF (K=20) 80,250,250
PSSO CAIY FXIT

d

cHn FODMAT (IHI////////?“X-14HQAINFALL(INCH) FOR THE S1JR-naASIN el 7.
T11H Avin YEAR = IS/ .

20 FORHAT (6X~1HHAY-GK'?HJANpﬁXo]NFEH.AX-IHMAR.HX-EHAPQ.AX93HMAY.ﬁx.
¢1HJHM-6X-1HJUL-6x.1HAUG-5X-BHSFD-ax.3anr.ﬁx.3HNnv-6x.3Hugc)

PRO FOPMAT (AX a3 emm e 5K 4G o sl (aXegueaan Y /)

290 FORMAT (99X sGXeGHemwnm— 114X eS5Hww-o V/ /)

300 FORMAT (4X-§HT0TALo%¥-FS.P-|1(qx.rc,e)) )

3L0 FORMAT (4X412HPERTON rorAL.quRHﬂ*ollx.FR.a-llx.EHﬂn.16&»F8.?.13x.
¢2H“ﬂ-FQ.?.7x.aHu¢.FQ,2)

320 FORMAT CYRL/ 777777737 X 4 1HSUBSURF ArE FLOW(INCH)Y FOR TuF SUB=-BASTM
b=+ T3 ) IH AND YEAR =.[5,/)

330 FNRgaT (AX s A e e e 4 y THmm e e 1V (PX g THe e, V)

340 FOUMAT (13X e locmmmo sl HI2X e e e VA7) ,

350 FOpRwmAT (lHl////////1nx.39HSURFACE FIOW(INCH) FOR THE SUR=RASIN =.
PIA 1M AN YEAR =,15//)

60 FORMAT CAHY /777777730 % 0 33HET LASS{INCHY FOR THE SUR~RASIN =413,
BIUH MDY YEAR =4016/,y

70 FARMAT QMY /777777730 %44AHNEEP SEEPAGE LOSS(INCH) FOR THE SUR-RAS]
SN =«13411H AND YEAR =« IS/ /)

ARG FORMaT CIMY /777777720 X« 624F MDY OF NAY AVAILARLE STNRAGF IN SOIL (INC
FHY FOoR THE SUR-RASIN =,13.411H AND YFAR =.15,/,)

190 FOPMAT (6 e 3 ey I g B e N T - 1 PO Wa)

400 FORMAT YYHY/777777729%4SRHEND 0F NAY STORAGE M DFPRESSION([NCH} F
FO2 THE SUR-RASTIN 241341 1H AND YFAR =.15//) ,

410 FORMAT MMy /777777727 % 4S2HME AN STREAMFI 0W FOR THF NAY (CFS) FOR THF
% SHR-nAS{H =el311H AND YFAR =I5/

420 FOPMAT (AXe3Hmmo 0t X o THmm oo e N B - S 1 ¥ . ) /)

AA0 FOPMAT {9Xeb4Xa THmmwme v 1P e TH e, V/7)

440 FNODRDMAT (aXnﬁHTﬂTAL-?I].?,ll(Fg.g)) : .

450 FORMAT (QWY//7/777720% 4544 MEAN STREAMFLOW FOQ THE DAY (INCH) FOR T

- FHE SHIRSRASTN =o 13,111 anND YEAR =,(6//)

460 FORMAT (V\HY///77/7/7720%4S6H ME AN STRFAMELOW FOR THF DAY (AC=FT) FOR
FTHE SHR-RASIN =+I3«11H AND YEAR =.15//) '

470 FORMAT (Ja)

4RO FORMAT (10FR,0)

490 FORHAT (24711

500 FoRuaT (6X-71.§x.PR.7-1!(4Y.FR.?);

S10 ForPmay (ﬁx-li.ax.r7.é.3)(?x.r?.q))

BEO FOPuAT (hX-I].\X.Fﬂ,:.}](1K.Fﬂ_q)}

530 Fopvar (BX e I3 eaXaF T, 0011 (2XaF7.2))

540 FOPMAY (5x.[1.ax.c7_q.;](2x,r7_q))

e



STO  FORMAT (1M .i!x-.'IPHDFDi-f)h TOTAL « 3X 2 PHttt o | IX0FAR, 0011 XapHB 416X FR,(
?‘]1Xv?H‘-,’-*-FQ.O.'])(,?H-n.:},r‘g.ﬁ} .
FrHD
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PROGRAM DESCRIPTION FOR THE DISCHEXT PROGRAM (E096)







PROCRAM_QESCRIPTION

" This program 1S part of a system of praograms (Figure 1)
which deals wirh water quantity in the Kissimmee River Basin, “The purpose
of this program 1s to Cxtract one year of surface flow data for 19 sub-
basins from a disk File generateq by program E094 and store the data on
another disk file to he used by the Routing Program (E097). The firse

Ll values of each record of the output file are printed along with the
record number,

INPUT CARDS
This program requlires one Input card to specify which of the 10 years of
data is to be extracted from the input file, :

Col. 1-2 Year number 1 to 10 (right adjusted)
F1LE FORMATS
~=n TUROALS

1. Input File - Discharge Data (Syrface Flow) for 19 sub-basins for a 10
year period (logical unit 200,

There is one record per day, 372 records per year assuming 31 days per
manth.  The non-existent days have missing records, however space 1s

provided for them. There can be up' to 10 years of data for 19 sub-basins

lfor a total of 70680 records (372 x 19 x 10).

Record Format: 20 words Per record, packed 12 per block.

Hord Content
1 Month 1 to 12 (integer)
2 Day 1 to 31 (integer)
3 Last two digits of year (integer)
4 Surface Flow for time 0000 to 0300 (1aches x 10%-integer)

5 Surface Flow for time 0300 to 0600 (inches x 109 1nteger)
6 Surface TFlow for time 0600 to 0900 (inches x 104~1nteger)
7 Surface Flow for time 0900 to 1200 (inches x 104-ingeter)
8 Surface Flow for time 1200 to 1500 '‘(inches x lOa—intEger)
4 Surface Flow for time 1500 to 1800 (Inches x ]Oa—intEger)

10 Surface Flow for time 1800 to 2100 (inche5>c104—integer)

11 Surface Flow for time 2100 to 2400 (inches}cJOA—intEger

12 Cumilative daily rainfall (Inches x 100-integer)

13 Sub~basin number 1 to 19 (integer)

L4 Cumilative daily value of water recovered from soil
reservolr (Incheg x ]04—intEger)

15 Cumulative dally value of water in overland reservolr -
(Inches x 10%-integer)

16 Cumulative daily value of evaporation loss (inches x 104-
Integer) -

17 Cumulative daily value of transpiration loss (inches x 10%-
integer) :

18 Currently available Storage in soll profile (inches x 10%4-
integer) : .

19 Cumulat fve dally value of deep percolation loss (inches x
].O‘Quinreger)

20) Depth of water in surface depressions over entire watershed

{inches « 104-inreper)



Record Number

Where =

1

7068 x (vear number -1)+
372 x (sub-basin number -1) + day number

year number = 1 to 10
sub-basin number = 1 to 19
day number = 1 to 372

2. Output File - Discharge pata (Surface Flow) for 19 sub-basins for 1

year (logical unit 40),

There Is one record per day, 372 records per year assuming 31 days
per month, ‘The non-existent days have missing records, however
space 1s provlded for them. Record format is the same as the input

file.

Record Mumber
Where

= 372 x (sub-basin number -1)+ day number
= sub-basin number = 1 to 19
day number = 1 to 372

MACHINE -CONFIGURATION

The following equipment configuration ie required to run this program:

CbC 3100 computer (Program requires 3K + operating system).
1 405 ASCII card reader.

3 854 disk drives (including the system disk).

1 line printer

PROGRAM E096

PURPOSE :
DISKS:

CONTROL CARDS:

CARD INFPUT:

ERROR STOPS:

TIMING:

PROGRAMMER: Paul Berger
Ashok Shahane

Routing.Interface'Program for the Kissimmee River Basin,

6600 & 6201

SJOB,8430~305,E096,15,15000,, E096
SRONL, 854 /6000, 854 /6201
$FET,8096,DISCHEXT,960

SOPEN, 25
$FET,BASINHOD,DISCHARGEDATA,1024
SOPEN, 20 .
$FET,ROUTING,DISCHARGEDATA,1024
SOPEN,40 °

$LOAD, 25

SRUN

Insert card input here

Year number (1 to 10) right adjusted in columns 1-2.

UE year number is not 1 to 10, the program will branch
to ABNORMAL,

10 to 15 minutes.



FROOHAM UJisUCHEXE

C
C ROUTING INTERFACE PROGRAM -~ FEXTRACTS ONE YFAR OF DISCHARGE DATA FROM
C LU 20 AND STORES ON tU 40, THE YEAR EXTRACTED IS DETERMINED BY THE
C YEAR NUMBER ON THE. INPUT CARD.
C PROGRAM DEVELOPED RY PAUL RERGER AND ASHOK SHAHANE.
c :
DIMENSTON MBUF (24S)s MA(20}s IBUF (245)
DIMENSION NEL(T)
DATA fNEL:60¢6]962v1249[36v2799341)
C . .
C OPEN DISK FILES
C
CALL FOPEN (MBUF «20420412)
CALL FOPEN (IBUF4=40420,12)
C
C READ YEAR NUMRER
C

READ (6043) YN
3 FORMAT (I2) ,
IF (IYNJLT.} JOR. IYN.GT.10) CALL ABNORMAL
C : o
C LOOP ON 19 SUR-BASINS
‘o _ _
DO 100 NSUB = 1,19
CWRITE (6142) NSUR
2 FORMAT (10H1SUB=BASINWIY)

LOOP ON 372 DAYS PER YEAR

[ I N

DO 100 I = 14372
C
C ELIMINATE NON-EXISTENT DAYS

C
NO S N = 147
IF (I.EQ.NEL(N)) GO TO 190
5 CONTEINUYE

COMPUTE RECORD NUMBER IN THF OUTPUT FILE FOR THIS DAY FOR THIS sug-
BASIN : '

eNeReXe!

K = (NSUB=1)#372 « I

C
C COMPUTE RECORD NUMBER [N THE INPUT FILE FOR THIS DAY FOR THIS sSUB~

C BASIN

c
L = 7068 # (IYN=1) + K
c
C COPY RECORD FROM INPUT FILE TO OUTPUT FILE AND PRINT RECORD CONTENT
c ,
CALL FGET (MBUF 4MA 4L )
CALL FPUT {IBUF yMA4K)
WRITE (6141) (MACL)+L=]a11) K
] FORMAT (1X+1219) N
100 CONTINUE
c
C CLOSE FILES AND EXIT
C

CALL FCLOSE (MBUF)
CALL FCLOSE (!BUF)
CALL EXIT
- 63 -
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FINIS

END

@ ¢ 6 0 06 06 06 0 06 06 ¢ 062 ¢ 00660606 0 ¢




PROGRAM DESCRIPTION FOR THE ROUTING PROGRAM (E097)
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PROGRAM DESCRIPTION

| This program is part of a system of programs (Figure 1)
which deal with water quantity in the Kissimmee River Basin. The purpose
of this program (called the Routing Model) s to route the water stored in
the lakes, canals, and river sections along with tocal inflows from each of
19 distinct planning units or sub-basins (Figure 2) and in so doing to
simulate the stages and discharges in the system, o |

- The simulation is for a one year period with a time increment qf‘every.
3‘hours. The Routing MbdeT consists of 14 lakes, 14 contrelling structures,
and 25 canals and river sections (Figure 3).‘ It is comprised of a mainline
program ROUTING and 8 subroutines:

ROUTING - Performs housekeeping and data_fiTe handling, controls
logic, and generates printed output.

Simulates flow between the 14 lakes of the upper

LAKEFLOW -
"+ Kissimmee River.
RIVER - Simulates flow in the 5 river sections of the Jower
‘ Kissimmee River.
BACKWATR - Backwater function for the canals of the upper

Kissimmee River,

BACKWTR2 - Backwater subroutine for the 5 river sections of the
lower Kissimmee River.

FACTOR - Computes correction factors for upstream and downstream
stages and for storage to correct for inatcuracies in

the formulas used by BACKWTR2.

- 66 -



DISCHRGE - Computes discharges for the 14 Structures.

STORGF - Converts stage to storage and storage to stage for

the 14 lakes.

INTERP - Linear interpolation routine.

Printed output generated by thfs program consists of simulated
stages in the 14 lakes and at the controlling structures and sfmulated
discharges in the canal and river sections. Also a convenient table is
printed which shows the distribution of absolute differences between
simulated and recorded stages. .

An output tape is generated, whi;h can be processed by énothér
program £E098 to produce CALCOMP plots of_the simulated Stages in the 14

lakes together with pléts of historical stages when available.
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INPUT CARDS

1._ Card 1 Debug card.

Column I. Normally blank. If intermediate results are desired,

this column = '1', ' '

Columns 2-80  Unused. _

2. Cards 2-35 Map of Kissimmee River (34 cards).' Numbers are right
adjusted-with_no decimal point. The six fields are
defined separately for the lakeé and canals o% the
Upper Kissimhee River (UKR) and for the river sections
of ‘the Lower Kissimmee River (LKR).

Lakes, canals, structures and links are all
prenumbered in Figure 3.- For the UKR, a link is
defined as the canai'section between 2 lakes regardless
of the presence of structures. For the LKR,'a link is
defined as the river secfion-betweén 2 sfructures.

Columns'1-5  UKR: A positive number specifying the number of a
lake (range 1 to 14).

LKR: A negative.number specifying the number of a

- river section (range -1 to -5).

Columns 6-10 UKR: ‘Thé number of a lake adjacent fp the one
specified in columns 1-5. (Zero for the Tink
downstream from L. Kissimmee).

LKR: The number of the upstream structure.

Columns 11-15° UKR: The number of the structure,betWeen the lakes
specified by the first twd fields, or 0 if no
structure is present.
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LKR: The number of the downstream structure,
Colunns 16-20 - UKR: The number of the canal between the 2 lakes
if no strecture is present, or the number
of the canal on the side of the structure
nearest theeleke specified in columns 1-5
when & structure is preeent. .
~ LKR: The number of the river section between the
upstream and downstream structures.
Columns 21-25 ﬂKR: 0 if no structure is present in the canal
between the 2 lakes, or ehe number of the
- N canal on the side of the structure furthest
- from the lake specified in coTumne 1-5 when
a structare is present.
LKR:  The number of the river section below the
downstream structure. (zero if the map terminates
- at the dewnstreem structure).
Columns 26-30" UKR: The numbef of the link between the‘2 lakes.
" | _ (15 for the Vink downstream from Lake Kissimmee).
LKR: The number of the 11nk between the upstream
and downstream structures
Colunns 31-80 Unused. _ |
3. Card 36 End of map card.
| Columns 1-5 The nember f99‘ rfght adjusted.
Columns 6-80 Unused. 7
‘4. Card 37 Routing order card. This card controls the order in
which the stream-flows are routed. The Upper Kissimmee
stream-flows muét be routed before routing the Lower
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CoTumns |

Columns
Columns
Columns
Columns
Columns
Columns
Columns
~Colunmins
Columns
Columns

" Columns

Columns
Columns
Columns
Columns
Columns
Columns
Columns
Columns

Columns

4-6
7-9
10-12

13-15

16-18
19-21
22-24
25-27
28-30
31-33
34-36
37-39
40-42

43-45 -

46-48
49-51
52-54
55-57
58-60

61-80

Cards 38-39

.
T

Cards 40-43

Kissimmee stream-flows, however, partial routing

is possible with this card. A1l numbers are

right adjusted. |

Number of lakes and river séctions fbr which routing
is to be performed. (19 to route the entire basin).
For the Upper Kissimhee Rivef; the order is.specified
by poéitiVe']ake'numbers (1 to 18). For the Lower .
Kissimmee River, the order is specified by negative
river section numbers (-1 to -5) Order numbers from
left to- rfght must agree with the direction of flow.
whgre more than one channel empties into the same
{aké, thé roqting order méy be-de;ignated in-a non-
contiguous fashian in drdgr to route the other stream-
flows emptying inio the lake (See Sample Data routing
order card). |

Unused.

Initial lake stages. Stages.are in feet énd must
contain a decimal point. Each stage occupies 10
columns., .The stages of_]akes 1-8 occupy 8 respective
positions on card 38, and the stages of lakes 9-14
occupy 6 respect1Ve pos1t1ons on card 39. Columns
61-80 of card 39 are unused. |

Initial structure stages. Stages are in feet and must
contain afdecimal point. Each stage occupies 10
columns. The headwater stage for structure 1 is
followed by the tai}watér stage for structure 1

followed by the headwater stage for structure 2, etc.
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Card 43 contains the headwater and taiiwater stages
for struétures,lj;and 14. Columns 41-80 of card 43
are unused.
7. Cards 44-45 '-.Sub—basin areas. :Areas are iﬁ squéré mfles and must
. 'contain a decfmailpoint. Each area occupTes 8 colunins,
“The areas of sub~bas1ns 1-10 occupy 10 respective
'1posmtions on card 44- and the areas of sub-basins
- 11-19 occupy 9 respect1ve pos1t1ons on card 45.
Columns 73- 80 of card 45 are unused.
8. Card 46 | .VIn1t1a1-storages for river sections of the Loler
. ' Kissimmee. Storages are in cubic feet and must contain
'érdécimal point. Fortran E format constants may be
uséd.— Each sforage occupies .16 co]umns,_llf E format
is used the values mﬁst be right justified in the field.
The storages of riyer sections 1 to 5 occupy 5 respective
fields on the card.
9.  Stage/storage tables for the 14 lakes.
One set.pf cards is required fdr éach of the 14 lakes which defines
stage/étofage.tab1es for the 1akes The first card of each set is
a header card which contains the va?ue ~1.0 in columns 1-4, blank
in columns 5-20, and any desired 1dentificatfon characters in columns
21-80. Eacﬁ“of the remaining cards of the set contains a stage and
the correspohding storage fof the lake,
© Columns 1-10 Stage -in feet {including decimal point).
Co]umﬁs 11-20 Storaée'in acre-feet (including decimal point).

Columns 21-80 Unused. \
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The header card for the next lake serves as a trailer card for the
previous lake. The sets of cards must be in order of Take number
(1 to 14). The stage/storage cards for.laké 14 are foliowed by
an end card which must contain the value -99.0 in columns 1-5,

blank in columns 6-20, and any desired comments in columns 21-80.
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FILE FORMATS

This program requires two tape files and two disk files as described .

in the following chart:

FILE LOGICAL | | RECORD | BLOCKING

DESCRIPTION UNIT TYPE { PARITY | DENSITY | LENGTH FACTOR
Input Stages & Gate | 01 ‘Tape | Binary | 800 |12 words | 10
Simulated Stages 04 Tape | Binary 800 5 words 25
Simulated Stages’ 03 Disk - - 5 words. 25
Discharge Data 02 | Disk - : - 20 words 12

\

1.
A.

Tape File Formats. ‘

Tape 0l is an inpul tape generated by programs EQ49, E040, EO99,

and E100 in that sequence. It contains historical stages and gate
openings for 14 structures for a period of ‘one year. This data is
originally in the form of breakpoint data stored both on paper tape
and on punch cards. E049 is used to check the data for errors and
missing Hata. E040 distributes the data over 12 minute time periods.
£099 re-distributes the data over 3 hour time periods and geherates

a nfagnetic tape for each of the 14 structures. E100 merges the

ld tapes into a single magnetic tapé which is tape 01.

Tape 01 contains one data file consisting of 40880 logical
records. These records are generated using the FCD 'T' routines.
There are 14 records {one for each structure) for each of 8 three houf
time periods per day for each of 365 days. The firs? 14 records are

for day 1, time 0300 for the 14 structures in the following order:
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.5-57
5-62
5-59
5-61
S-63A
5-65
S-60
$-63
$-58
S-65A
S-658B
$-65C
S-65D
- S-65E
Each record contains 12 words in the following format:
Word 1 Structure ID (4 characfers).
Word 2 Day number (1 to 372 - integer with days 60, 61, 62, 124,
186, 279 and 341 missing).
Word 3 Time 300-2400 (integer).
Word 4  Number of gates or barrels (integer).
*Word 5 Headwater stage in feet above MSL (integer x 100).
*Word 6 Tailwater stage in feet above MSL (integer x 100).
Word 7' Gate opening for gate 1 in feet (integer x 100).
Word 8. Gate opening for gate 2 in feet (integer‘x 100).
Word 9 ” Gate opening for gate. 3 in feet (integer x 100).
Word 10 Gate opening for gate 4 in feet (integer x 100).
~ Word 11  Gate opening for gate 5 in feet (integer x 100).
Word 12 Gate opening for gate 6 in feet (integer x 100).
* Note: -9999 is used where data is not available. |
The remaining records are in ascending time sequence, 14 records per
time period.
B. Tape 04 is an output tape generated by this program. It contains
simulated stages for each of the 14 lakes for a peribd of one year.
The tape contains one data file consisting of 1022 logical records.

‘These records are generated using the FCD "T' routines. There are
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73 records for each of the 14 lakes (1 to 14 in that order). ‘Fach

of the 73 records contains 5 words for é total of 365 words per

lake. The simulated stages stored in these words are end of the

day values. They are rounded and stored x 100 as integers,

Disk File Formats.

Disk file 03 is used to store sinulated stages for each of the 14
lakes for a period of one year. Since the order required for plott1ng
is not ‘the same as the order generated by this program, the stages

are stored in the proper position on disk. Then after all the

values are generated, this file is copied to tape 04. Y
- Disk file 02 is an input file generated by programs E0S91, E092, E093
E094 and FO96 in that sequence. It contains stream-flows for the 19
planning units of the Kissimmee River Basin for a period of one year.
‘Program E094 generates the data fbr a ten year period. Program E096
extracts only one year of test data.

This file contains 6935 records, one record for each of 365 days
for each of 19 planning units. The records are located on disk
according to the following formula:

Record number = (planning unit -1) x 372 + day number ‘
where day number is defined the same as word 2 of the tape 01 format.

[

tach record contains 20 words in the following format:

word 1 Month 1 to 12 (integer).
Word 2 Day of month (integer).
Word 3 Last 2 digits of year (integer).

Words 4-11 Stream-flow for 8 three hour time periods in
inches (integer x 10* ) '

Words 12-20 Not used by this program,
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MACHINE CONFIGURATION

The following equipment configdration is required to run this program:
CDC 3100 computer (Program requires 14K + operating system).
2 604 magnetic tape drives (7 track). '
1 405 ASCII card reader.
2 854 disk drives (including the system disk),
1 501 line printer,
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PROGRAM LIMITATIONS

1o A maximum of 34 map cards 15 allowed.
2. . This program is designed to handle no more thaﬁ 3 canals connecting
into a single lake. -
3. This program was deve]oped specifica11y for the Kissimmee River
Basin. The backwater routines BACKWATR, BACKWTR2, and FACTOR use
equations and coefficients specifically designed for this bas1n,
and must be changed to handTe another area, Simi]arly the DISCHRGE
" routine computes dlscharges for the structures of the Kissimmee
Basin only, Other program changes are requ1red to process a dwfferent
basin.
4. A maximum of 14 lakes and 5 river sectiéhs are allowed.
5. A maximum of 19 planning units are allowed.
6. This program has a 1imited capability to handle two lakes connected
by a canal containing 2 structures, specifically, the canal connecting
Lakes Cypress and Gentry=fn the Kissimmee Basin. Since the headwater
stage at structﬁre S63A is maintained at a reasonably constant stage
'(agout 56.5 feet above MSL), the canal section between S63A and
1lake Cypress is ignored in this model. The discharge into Lake
Cypress through this canaf is assumed to be the same as the discharge

through structure 5-63.
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k—\ o OPERATING INSTRUCTIONS

- Program Number: E-097 Programmer: Pay) Berger

Ashok Shahane

Purpose: ‘ FCD Hydrologic Routing Model of the Kissimnee River Basin.
Disks Required: 6000

Control Cards: $JUB,8430-305,EO97,120,50000
$ouMp
$EQUIP,01=MT,04=MT
$FET,E097 ,ROUTING,960
$OPEN, 25 ,
$FET,ROUTING,DISCHARGEDATA,1024
$0PEM 02
$MSUTIL ,60
PURGE
SCOPE
$RAT, 85476000
$FET,ROUTING,SIMULATEDSTAGES,SIZ
SALLOCATE,50
$OPEN,03
$LOAD,25,M
$RUM
Insert card input here.

Card Input: Blank card (may have a 1 in column 1)
34 map cards (6 values per card)
99 card
Routing order card (contains + and - numbers.)
¢ lake stage cards (14 values)
4 structure stage cards (28 values)
2 area cards (19 values)
1 storage card (5 values)
~1.0 header card
set of stage/storage cards (2 values each)
Repeat above 2 items with different values 14 times
-89, trailer card :

‘Operaiing Instructions:
Tape 01 1is an input tape.

Tape 04 is an output tape if user specifies, or a
scratch tape if user specifies; otherwise please
call user.

Error Stops: Any errors will cause the program to branch to ABNORMAL ,

Please allow dump to print.
1

Timing: 2 hours.

— .
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STAlAKES()16) s LAKER(4)e  THKE(A) s STAGE (4), GTMFL e NEATES(3) .
NNt Ay, STARFT. ArHAMNI2y . TRFHIIG, HNG, TWge TI2.26206 1| (15
VOMTH, NP TR STODPRANTISY, 1S, DS

NIHMENRT AN IRVE 248y, JRFE(29), NF| (7Y TRUIF}3IN) s TUFF (12}
NTMENSTAN THONT (PAy, [1S{12e14y0 STALKTIN(T4), STASTRTIMNIZe14)
NTHEMET AN CNASF (PR TSNAMF (Tad e ALNAME (14)

NTHMENSTAN LPH(2,20), PROPARTN(DR) JARFA(]19)

NIFEASTAN KRIFE 1130y, KRFEpB)e [HIE(TIR) e TRTAGF(H414)
NTMEMETAN THTIST I D e14) s KNTIIN,P9V4) e SNELT(aYs TKMNT 1)
PIMEMSTAN THMG T4y :

pIvenSTal TRENNSTP 127 7)

CHaMNEL ©
Trlali's+

A

MAR (A, IR TS HUSER TO NEeCHInFE THE INTERCANNFCTTINA L AKFS,

AriYy RIVER StpefONS AND THE aTOHATHRES CONTRALLTRG ) OW

THE (CHALMEES ann RIVER SErTTone, THERE ARF A FNTRIRS OFR ) M
A~ 1 T e, | T8E 2a +6 NOT PARY OF THF MAP ool 16 IIQFN BY  THF

- 87 -.
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PEOARAY MEE L GF ANTRG Tap MAP TN ) Wb MALY .,

FUR L aks Afn CHANMEL PErIMTTTANS THE 18T FENTRY 1S A PASTTTVF MUIMRE D
SEEATETOYTMA THE WIMETED OF | ArFS {4 THFE 2NN FoTRY T8 THE NHIMREFE OfF
ONOF b THFE s THEl THRDY V AVES D ONE T INF TS RFEOUTRFD FOR FACH | AKE
CUNMMFECT TN nTEECTEY TA | AKES 14y, THF WD FNTRY 1S 7F0n TF YRFPF TR
SIPOCTHRE Ta THE CHAME CONMECTINA THFE TW0O LAKeS N9 1€ THE S100rT1IRF
MILPASES TE 0l 15 PRESrar,  THE 41w FNTDY 1S THE NIIMUER nfF THE CaNna|
HETMEPEN ThE Two L AKES 1o NO SYRUCTURF TS DRESENE, (17 [A THF NHIMRESG nr
THE CAMAL v THE STHE Ap THF @TRHATURE NFAUFST | AKES({4) WHFM 2
STRiCTNRE Te ERESFMTL YHF ST FNTRY 16 ZFRO wiel b0 STallrtlpe I8
FEraFt T AR TE NHVREG AaF THE CANAl O THE STHBe 0AF THE STRUCTHRE
Funehb T Foam | AKES (4) wHEN A STRANCTURF T PREQENT, THFE ATH FNfﬂv Te
THE T TRV MIhmFER N THE | INK peTAEEN TurE Tun Lake$S HEGARNDLFS® nF
WHETHFL A STl e THOE T nRESENT O8] AOT,

o BTVEE DEfTNITIAN. TuF )ST FRNTRY 10 THE KIVEn SFETTAN NUMRER, Tt
A E L T nE p NFOATTUF NIIMaFR € AS TN NISTIMARLITSH 1T FROM A | Al
A CHANEL DEFINTTTON,  THE aND gNTRY IS THFE NpPMRFR OF THE HBSTRE AN
sipanU"r Ao THFE RN puTRY TUAT AF THF DAMNSTOoAM STRIETHRE, THF 47
FOfnY T2 THe MUMREQ OF YHE CHANNE) AFTWEEN ‘THE yMO STUUATHRFS,  Tuf
SIH CFRITY Te TRE MUMESG 0F THe CHAMNFEL HELOW Tue NNANSTRFEAM STRUCTIHIDE
Tik 6t g mTY 18 T